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Vol. XVI. for 1890, now presented to the Corps, contains papers 
on most of the branches of the Corps duty, as well as on essentially 
military subjects. Colonel Savile and Colonel Hutton both treat 
of the new question of Mobile Infantry in one form or another, 
while Colonel Rothwell handles the most important subject of 
Mobilization. Artillery subjects are dealt with in Captain Orde 
Browne's paper on recent experiments, and Major Savage contri- 
butes a series of Diagrams of Service Ordnance and their Mountings, 
which are intended as illustrations of the lists of service ordnance 
which have appeared from time to time in these paj^ers. 

Major A. R. F. Dorward gives us the results of his experience of 
what duties the Corps is actually called upon to perform in the 
numerous small wars in uncivilized regions, which have fallen to the 
lot of our army in late years. 

Under the head of more technical engineering work come the 
papers on Sewage Disposal, Koad Making, Hydrogiaphic Survey, 
Electric ^nd Petroleum Motors, and Bridges in the Bengal Presidency. 

The Lydd Experiments no longer appear in these papers, but are 
being issued separately as one of the confidential series which has 
been commenced this year. 

W. A. GALE, Captain, K.E., 

Secretary^ R.E. Liditute^ and Editor, 
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PAPER I. 



CYCLIST INFANTRY. 



By Likutenant-Colonel A. R. Savile, f.s.c. 
{26th MiihUesex (Cyclist) R.V,). 



I THINK I am justified in saying that one of the most startling 
innovations amongst the numerous military developments of the 
present time is the employment of cyclists for war purposes, but I 
ho[)e I am also justified in assuming, from the fact that you have 
done me the honour to invite me to lecture to you on the subject of 
cyclist infantry, that at the S.M.E. this new departure is not viewed 
with disfavour, or that, at any rate, you believe it possesses 
sufficient merit to entitle it to be seriously considered. 

It would, I think, have been a very strange thing if the sudden 
and unexpected institution of a new branch of our armed strength 
had not been attended by some expression of the prejudice or 
suspicion with which military changes are generally — and, perhaps, 
in many cases rightly — viewed in our service ) but what I think far 
moFe strange in this connection is the undoubted fact that the 
opposition to the military employment of cyclist infantry has been 
weak from the commencement, and has apparently already been 
almost entirely overcome. 

It is hardly two and a-half years ago, when lecturing at the 
R. U.S.I, upon this subject for the first time, that I ventured upon 
the statement that the cycle was recognised by our military 
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authorities as one of the means of transport for that mobile 
infantry which may possibly in the future supply the fire-power so 
long needed by cavalry when employed far in advance of the 
marching columns of an army. Whether I was right at the time 
or not is now a matter of no importance, but when I remind you of 
the public utterance in July, 1890, of so good an authority as the 
Lieutenant-General now commanding the Aldershot Division, that 
it is his belief Parliament could not make a mistake in sanctioning 
the raising of at least 20,000 volunteer cyclists, and that possibly 
somewhat later this number could, with advantage, be greatly 
increased, and when I further remind you of the liberal encourage- 
ment now afforded by the War Office to military cycling, I think 
you must admit that my assertion is true at the present moment. 

Now, in the first place, before I enter into the details of my 
subject, I should like to make an attempt to disarm one possible 
form of hostile criticism, by declaring in the most explicit terms 
that I can use that neither myself, nor any of the other advo- 
cates of military cycling whose opinions possess value, have ever, 
in the slightest degree, entertained the idea that cyclists should, 
or even can, perform the tactical functions of cavalry, or rival that 
arm in any respect. Nothing could more surely wreck the cause 
of the new arm than any such ridiculous pretension. Mounted 
infantry, of whatever kind it may be, must never usurp the duties 
of cavalry, and should over bear in mind the fact that, although 
it is provided with the means of rapid movement, its tactical em- 
ployment is that of infantry, and infantry only. Of course, I do not 
from this wish you to infer that I mean no warlike duties remain for 
the performance of cyclists ; on the contrary, I hope to be able to 
convince you later on in this lecture th;it they possess very distinct 
qualifications for the execution of certain exceedingly useful functions 
amongst the various operations of war. 

Another point is this. I wish it to be clearly imderstood that, 
although whilst lecturing upon cyclist infantry I am naturally 
bound to lay stress upon the qualifications of the cycle as a moimt 
for " quick-moving infantry," I do not thereby argue, or even imply, 
that the cycle is the only mount suitable for such a purpose. I am 
fully aware that under varying conditions of country, climate, and 
local circumstances of different kinds, many other descriptions of 
mounts are exceedingly useful, and that cases exist where the 
employment of cyclists would be injudicious, and, possibly, even 
absurd. It would be, in my opinion, most unwise to exclude or 



supersede in the future any of those means of transport, such as 
horses, ponies, camels, carts, etc., which have already been used by 
mounted infantry, and have been found efficient ; all that I claim 
for the cycle is that it does — as I hope to prove to you before I 
finish — in comparison with each of the other mounts, possess certain 
definite advantages, and, at the same time, I am quite ready to 
admit that it has some equally obvious weak points. 

This question of military cycling can only be fully grasped in all 
its aspects by those who have had the military training which is 
requisite in order to follow the tactical bearing of the subject, and 
who are also conversant with the capabilities of the cycle itself ; 
thus it happens that I find I have generally to deal with the matter 
rather differently, according to whether my audience is military and 
non-cycling, the two, unfortunately, being usually co- existent, or 
whether I am addressing civilians who are cyclists. On this occasion 
I think I must ask you to believe me with regard to the cfycle and 
what it can do ; whilst, on the other hand, I freely admit that you 
are fully competent to judge the military and tactical aspect. 

Much that I shall say upon the subject of cyclist infantry applies 
naturally more to its employment in the volunteer force than in the 
regular army. The former is, and I fear always will be, badly 
provided with mounted troops, and must therefore rely upon such 
services as can be rendered by a makeshift. 1 shall presently inform 
you to what extent cycling has been tried in the regular forces, but 
I think you will agree with me that it should not, and even cannot, 
acquire in that service the importance which it may attain amongst 
volunteers, and it is for this reason that the subject must be 
considered mainly with regard to its aptitude for use in our citizen 
army. 

I think it may be well that I should now give you a brief account 

of what has already been done in England concerning the formation 

and employment of cyclist corps, after which I will pass to the 

consideration of principles. Just before the Easter Volunteer 

Manoeuvres of 1887, Colonel Stracey, of the Scots Guards, who was 

placed in command of the Dover marching column, finding that his 

force was almost without mounted troops, decided to employ cyclists 

to partially remedy the deficiency. To Colonel Stracey belongs the 

whole credit of having invented — ^if I may use the term — the 

fighting cyclist. You are doubtless aware that for years previously 

cyclists had been employed in Italy, France, Austria, and other 

countries), as messengers and orderlies ; but Colonel Stracey first 
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conceived the bold idea of employing armed cyclists in the field as 
scouts and reconnoitrers. 

The manoeuvres of 1887 were chiefly remarkable for the employ- 
ment of civilians as cyclist soldiers ; there was no time available to 
raise and organise a military body even from the volunteer force ; 
many failings were apparent ; and it was evident that to perform 
efficiently the difficult duties of mounted infantry a carefid course 
of training was necessary. This is a subject to which I shall allude 
again a little later. Still, owing to the zeal and energy of the men, 
and their keen desire to show that cyclists were really sane and 
rational beings, and not merely sources of terror and annoyance to 
peaceable citizens, the manoeuvres went off well, and I think I may 
fairly say that we did quite as much as we were expected to do, and 
perhaps a little more. Many lookers-on and critics came out upon 
that occasion to scoff*, but it is a fact that most of them returned to 
their homes converted, and fully imbued with a conviction that there 
was a future for military cycling. 

The result of this experiment was almost immediate, for in the 
autumn of the same year the War Office sanctioned the formation 
of a cyclist section within the establishment of every volunteer 
battalion throughout the kingdom, and I was directed to draw up 
recommendations concerning the composition and duties of these 
sections. The matter was further pushed forward by the appoint- 
ment, in December, 1S87, of a War Office Committee, composed 
partly of officers of the regular forces, partly of volunteer officers, 
and partly of civilian cycling experts. This committee, under my 
presidency, commenced its sittings early in 1888, and enquired into 
and reiK)rted upon the following subjects which had been referred 
to it, viz. : — 

(a). To draw up precise specifications of types of cycles suitable 
for military requirements. 

(ft). To ascertain where such cycles can best be manufactured, and 
at what cost. 

(c). To consider the clothing, arms, equipment, accoutrements, and 
kit of a volunteer cyclist, and the means for carrying the same in 
the field. 

(rf). To consider the course of training of a volunteer cyclist. 

(e). To consider the conditions of efficiency of a volunteer cyclist. 

The recommendations concerning the formation of cyclist sections 
were also referred to the committee ; they were revised in accordance 
with the experience gained during the investigations ; the revise was 
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approved by the War Office, and was then issued in the fonn of 
insti'uctions as an Army Order. 

In April, 1888, upon the strong recommendation of Lord 
Wolseley, the formation of a cyclist corps, to be known as the 
26th Middlesex (Cyclist) R.V., was approved by the Secretary of 
State for War, and Major Percy Hewitt, late Carabiniers, was 
appointed to command it. 

In the meantime the organisation of cyclist sections in volunteer 
battalions progressed steadily, and at Easter, 1888, a number of 
these sections, together with the cyclist corps, were assembled at 
Guildford, and placed, by order from the War Office, under my 
command. Starting on Good Fi-iday morning for Salisbury, the 
cyclists reached that place the same evening, several tactical exer- 
cises were carried out, and the force then rode to Dover in time 
to take part in the Easter Monday review. Throughout this 
Easter we had detestable weather and infamous roads to deal with. 
3y this time the experiments in military cycling had attracted the 
attention of, and were being closely watched by, critics at home and 
abroad — many of them only too ready to <letect any failing and 
magnify it to the utmost This, as might be expected, had the 
desirable effect of putting our volunteer cyclists fully on their 
mettle, and all worked with a will to maintain the credit of cycling. 
Without entering into any details, 1 would merely say that during 
these manoeuvres some very hard work and some very good work 
was done. The defects noticeable might cleai-ly be traced to want 
of military experience, and not to inherent failings in cycles or 
cyclists ; with the one exception, that many of the men were not in 
a proper state of training to do the mere riding part of the work 
efficiently. This, however, I maintain, is not an inherent defect, 
but still it is a defect that must not be allowed to exist for a moment 
in a body of military cyclists. 1 fully admit that the weather during 
the spring of the year was bad enough to daunt all but hardy 
riders ; still, I decline to accept this as a valid excuse. A soldier, to 
be an efficient soldier, must be efficient all the year round ; and I 
cannot too strongly impress niyon every cyclist soldier that he must 
ride during winter, and keep both himself and his machine in a fit 
state to take the field at any moment. In my opinion the officers 
should be held directly responsible for this in their respective 
commands. 

During the summer of 1888 the movement received a distinct 
impulse by the experiments being extended to the regular forces. 



Machines of various types were purchased by the Government and 
placed at the Aldershot gymnasium, where men were trained as 
soldier cyclists under the supervision of Colonel Onslow. This was 
again done in 1889, and in the present year the experiment has been 
repeated on a still larger scale under the direction of Colonel Fox, 
Inspector of Gymnasia, who was a member of the War Office Com- 
mittee on military cycling. More machines have been purchased by 
Government, officers of the regular forces have been told off for cycle 
duty, a large detachment of the Royal Irish Eegiment has been 
trained at Aldershot, and cyclists have taken part in several of the 
Aldershot field days and flying columns. 

In August, 1888, by permission of the War Office, I undertook 
some cyclist manoeuvres in Cheshire with the Cyclist Corps, and 
several of the Lancashire and Cheshire volunteer sections. We 
assembled at Crewe late on the evening of August 4th, and at 
10 p.m. started, in drenching rain and pitch darkness, to march a 
distance of some 30 miles to Warrington. A night march, even 
under ordinary circumstances, and undertaken by trained and dis- 
ciplined troops, is an operation requiring special precautions, and it 
is generally considered to be so difficult that most writers on tactics 
used to lay down as an axiom that night marches should not be 
undertaken if the object in view could be attained in any other 
manner. The operation was consequently a severe test for our 
young cyclist soldiers, but they came right well through the trial, 
and a large proportion of the force was landed in efficient order at 
Warrington about 3 a.m. I do not wish to imply that there were 
no flaws and hitches in the conduct of the march — it would, indeed, 
have been strange had such been the case — but I do maintain that 
no body of troops mounted in any other way but on cycles could 
have performed this march in the same time under the same circum- 
stances, and have been fit, after only a few hours' rest, to move on 
again and do a long day's work. 

The next day was devoted to outpost duty and despatch carrying, 
etc. A good deal of useful and interesting work was done, and the 
weather being fine, the whole force marched in high spirits into 
Chester in the evening, and when I inspected the detachments in 
front of the Queen's Hotel before dismissing them I could not help 
thinking that now we had got quality, and that all we wanted was a 
little more quantity. Next day the force carried out a series of 
tactical operations in the country between Chester and Crewe, 
marching through Tarvin, Tarporley, and Nantwich, and the attack 



and defence of military positions by advanced and rear guards were 
practised. The great advance in military knowledge, in discipline, 
in general smartness, and in all that pertains to efficiency in a soldier 
which the volunteer cyclists had made during the summer, was very 
apparent on this day. Many little actions showing both intelligence 
and dash on the part of officers and men came under my notice, and 
it was very evident that if it had only been possible to keep the force 
as then constituted — the weak men and machines having by this 
time retired — under arms for another week or so, it would have been 
fit to perform any duty that could be required of mounted infantry. 

On each of the occasions that I have alluded to I have had the 
honour to receive from the War Office an expression of the entire 
satisfaction of H.R.H. the Commander-in-Chief concerning the work 
done by the cycUsts. The value of these field manoeuvres can hardly 
be over-estimated. They teach young soldiers how to act in unison, 
and how to behave in sudden and unforeseen emergencies, and I 
earnestly hope that all commanders of cyclist volunteers will allow 
no opportunities for such practices to escape them. 

The early part of 1889 witnessed the formation of a Royal Marine 
Cyclist Corps at Walmer. Here (at Chatham) you are probably 
aware that, owing to the zeal and energy of Major £dye, E.M.L.I., 
and the officers who have assisted him, the Marines have now got 
an exceedingly smart body of cyclists, not only at Walmer, but also 
at Chatham, Portsmouth, and Plymouth, and I think I may say, 
without fear of contiudiction, that throughout the world there are 
no cyclist soldiers more capable of demonstrating the capabilities of 
the cycle as a mount for " quick-moving infantry " than the members 
of the Royal Marine Cyclist Corps, who, without any pecuniary 
assistance from either public or corps funds, have attained a very 
high standard of efficiency. 

At Easter, 1889, I again commanded a force of combined cyclist 
sections during manoeuvres in Hants and Berks. Profiting by past 
experiences, these operations were made the most useful and interest- 
ing that had yet been performed. A great deal of attention was 
given to outpost duty, and a very marked feature was the wide 
extent of frontage that could be effectively watched and patrolled by 
a comparatively small number of the fast, noiseless, and almost 
invisible cyclist scouts. 

Throughout the whole of 1889 the numerous cyclist sections of 
volunteer battalions came a good deal under public notice. When- 
ever a battalion was in camp its cyclists were fully employed for 
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orderly work, etc., and in small tactical exercises their services as 
scouts and reconnoitrers were found invaluable. I believe I am right 
in saying that in every volunteer battalion where a cyclist section 
has been organized the commanding officer has been able to report 
favourably upon it, and to state that the men, as cyclists, have been 
able to efficiently perform the duties required of them. 

Perhaps the most important step in advance during the present 
year has been the official publication, by Army Order 115, of the 
drill of a cyclist infantry section. This much-needed work was 
compiled, under the direction of the War Office, by Captain Eustace 
Balfour, London Scottish R.V., whose zeal in the cause has never 
flagged from the very commencement, and to whose facile pen many 
able contributions to the literature of military cycling are due. This 
drill, combined with the diary of work which has lately been officially 
issued, enables all the scattered cyclist sections throughout the 
country to be trained on identical lines, and conduces greatly to their 
efficiency when combined for field duties. 

Last Easter the volunteer cyclists, reinforced by a strong section 
of the Royal Marines, under Major Edye, turned out again under 
my command in greater numbers than ever before, and, for the first 
time since theii* initial employment, in 1887, took i>art with the main 
body of the volunteere in the Kent manceuvres. The sham fights 
which took place on the Saturday and Easter Monday hardly afforded 
scope for the true tactical employment of mounted infantry in any 
shape, for the area of available ground was small compared to the 
number of men engaged, and the opposing forces started on each 
occasion almost within touching distance of one another. It is on 
accormt of these circumstances, together with the fact that no umpire 
was specially told off — as had always previously been the case — to 
accompany the cyclists, and to note and report upon their doings, 
that no very new or important lessons concerning cyclist warfare 
were learnt ; but I may mention that on the Saturday a force of over 
100 cyclists, by a wide and rapid detour, passed unperceived round 
the enemy's right flank, and appeared directly in his rear. All good 
results from this manoeuvre were, however, rendered abortive by a 
change in the plans, which brought the fight to a close at the exact 
hour at which the cyclists had been ordered to make their demon- 
stration in the rear. On the same day an opportunity was afforded 
to the cyclists of working in conjunction with a small body of 
mounted infantry on horses, and the combination answered excellently. 
In the fight on Easter Monday, the mobility of a cyclist force was 
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very appar&nt, for the men, skirmishing with their machines across 
country, were quite able to keep pace with such a handy corps as 
the London Scottish, on whose flank they were placed in the line. 
On cue day the cyclists were allowed to act independently, and some 
very good distance marching was performed, showing that military 
cyclists, carrying rifle, ammunition, kit, etc., are fully capable of 
executing any march that may be necessary in war. 

Another step in military cycling has been the permission granted 
to soldiers of the regular forces to ride bicycles in uniform, and the 
formation in several line battalions — notably the Royal Irish Rifles — 
of cycling clubs, the members of which seem greatly to enjoy and 
benefit by the capital exercise aflbrded them in the use of their 
machines. 

I think that this summary of events gives you some idea of what 
has already been done as regards the employment of cyclist infantry 
in £ngland, and the amount of progress that has been made during 
the three and a-half years of the existence of the force. I propose 
now to pass on to the consideration of the various kinds of machines 
available for use, and the qualifications possessed by cycles as a 
means of transport for mounted infantry. 

There are several general types of cycles to choose from, viz. : — 

(1). The ordinary bicycle. 

(2). The rear-driving safety bicycle. 

(3). The single tricycle. 

(4). The tandem tricycle, carrying two riders. 

(5). Multicycles, carrying more than two riders. 
The ordinary bicycle, though an excellent machine from some 
points of view, is not at all adapted for military purposes. Compared 
with the safety bicycle, the height is greater, and the rider more 
conspicuous. A cyclist soldier must perforce carry his arms, ammu- 
nition, and kit, and these should be fastened on to the machine, and 
not borne on the person. As it is impossible to eflcct this satisfactorily 
on the ordinary bicycle, the machine is at once out of court as a 
military mount, and I need not take up time by mentioning other 
inherent defects. 

The safety bicycle appears, from all points of view, to be the best 
all-round machine. It has two equal sized wheels, the rear wheel 
being driven by a chain. The rider sits above and between the two 
wheels, and his feet are raised only a few inches from the ground. 
The machine runs easily over considerable obstacles, and is practically 
safe down any hill. All that a soldier wants to carry on service can 
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be easily packed on the machine. Its speed, acquired by gearing, is 
quite as great as that of the ordinary bicycle. The same machine 
can be ridden both by a tall and a short man. For convenience of 
mounting, dismounting, stowing for transport, and handling, the 
safety bicycle has no equal. 

All tricycles possess the advantage of stable equilibrium ; the rider 
can halt without dismounting, and can turn about easily. The 
single tricycle is, therefore, in some respects, suitable for use by an 
officer. Being, however, a three-track machine, its progress on rough 
and rutty I'oads is much impelled, and it can only be taken off roads 
with much difficulty. 

The tandem tricycle is a fast machine, and if one rider is dis- 
mounted for any duty, the other can ride the machine along and 
keep close at hand. It can carry a large amount of baggage. 

Multicycles arc still in their infancy. It has been suggested that 
this type of cycle can be adapted for the transport of machine-guns, 
field engineering materials, field telegraph equipment, or reserve 
ammunition. Machines designed for the two first of these objects have 
been brought into the field ; they were, however, of experimental 
build, and had been very hastily constructed ; both broke down at 
a very early stage of the operations, being unable to withstand the 
strain of their heavy loads on very rough and hilly roads. This, in 
my opinion, by no means proves that cycles cannot be applied to 
such uses. I think that when a manufacturer is found combining 
mechanical ingenuity with a thorough knowledge of what is required 
from the military point of view, the difficulties will be overcome ; 
in fact, fresh experiments have quite recently been made with cycle- 
mounted machine-guns and cycle ambulances, and the results have 
been quite sufficiently satisfactory to warrant this opinion. That 
cycles capable of bearing great weights can be constructed is shown 
by the "Carrier" machines so common in large towns. Multi- 
cycles, carrying 10 or 12 ridew, with their arms, kits, and a large 
quantity of ammunition, have been made by Singer & Co., of 
Coventry. A machine of this description was thoroughly tested at 
Aldershot last year, and was so favoiu*ably reported on, that the 
Government has purchased one for further experiments. For send- 
ing forward small parties of marksmen long distances in compact 
bodies, such machines offer definite advantages, particularly in the 
case of cyclists of the regular forces ; but as in the volunteer force 
each cyclist has to provide a machine at his own cost for his indi- 
vidual use, such machines are obviously unsuitable. 
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At the time when the War Office Committee on military cycling held 
its sittings, not much attention had been given by cycle manufactorers 
to the wants of soldier-cyclists, and consequently the committee 
could not recommend any particular safety bicycle for general 
adoption. The chief essentials of a military machine are strength, 
rigidity, durability, and power to carry a rifle, ammunition, and kit. 
The specification of a machine combining to the utmost these quali- 
fications was drawn up by the committee ; the Government order 
for a sample machine was given to Messrs. Singer & Co., of 
Coventry, and it is now at Woolwich as the sealed pattern. Now, 
however suitable this particular machine may be for the use of 
Tommy Atkins, its great weight and its unfitness for ordinary 
touring and pleasure purposes will prevent its commanding a sale 
amongst volunteer cyclists, who choose their machines according to 
their individual tastes, pay for them out of their own pockets, and 
use them, not only for military purposes, but for their own amuse- 
ment. Nor do I think that the efficiency of a volunteer cyclist now 
depends much upon his ownership of a machine built solely with the 
military aspect in view, for nearly all the leading firms of cycle 
manufacturers have, by this time, carefully worked out the problem, 
and have for sale excellently designed machines with removable 
fittings, and which can be equally used for parade purposes or for 
ordinary riding at pleasure. The only additional remark I would 
make in this connection is that the mount of a soldier-cyclist must 
be made of the very best materials, and should be purchased from 
one of the high -class and reliable firms, for it will have to undergo 
exceedingly rough usage, and carry a considerable dead weight. 

Passing on now to another matter, I think I may assume that I need 
not include any arguments as to whether mounted infantry is or is 
not a useful adjunct to our armed strength ; that, I take it, falls to 
the lot of Colonel Hutton, whose lecture to you to-morrow has a wider 
scope, and embraces the whole action of mounted infantry. Con- 
sequently, I shall confine myself solely to the task of showing che 
fitness of cyclists as one form of that mounted infantry, the useful- 
ness of which may, for the present, be conceded. 

The speed which can be obtained by cyclists is the first point that 
I wish to draw attention to. It did not require much experience to 
discover the fact that the speed of a marching body of cyclists can 
no more be compared to the pace of a well-trained man riding 
singly than can the rate of progress of a troop of cavalry scouting 
across country be compared to the pace of a steeple-chase ; still, as 
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one of the best recognised functions of a cyclist is his employment 
singly as a messenger, I think it will be both useful and interesting 
to lay before you some of the performances on safety bicycles on 
roads. 
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These road records — marvellous as they appear — are established 
beyond a shadow of a doubt ; they have all been performed under 
the auspices of a selected committee, they have been checked and 
verified by all manner of precautions, and are vouched for as 
accurate. Of course, the marching power of an armed and equipped 
body of soldier-cyclists cannot be compared with the above figures, 
but it has been frequently proved that a pace of from 7 to 10 miles 
an hour can be kept up during manoeuvres for many hours without 
fatigue, and the men brought in in perfectly efficient condition. 
Naturally, the character of the road must be taken into considera- 
tion in any calculation concerning speed, and I quite admit that the 
nature of the road surface and the weather affect the speed of a 
cyclist more than they do the speed of a horseman, but, however adverse 
the circumstances may be, the worst speed of the cyclist can hardly 
be reduced to the best speed of other arms. People who know 
nothing about the matter often say that a cyclist can only ride on a 
good road. I assui^e you that a faster pace than can be attained by 
any other mode of locomotion can be kept up on a very bad road 
indeed ; and we have the highest authority for the opinion that if 
on service the roads are cut up and rutty, all the movements of the 
army will be delayed, and that cyclists will not suffer more in this 
respect than other troops. 

Foremost amongst the other relative advantages possessed by 
cycles as a means of transpoit for mobile infantry must be mentioned 
the obvious fact that the cycle requires neither forage nor water. 
The comparative independence of base, and the freedom of action 
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acquired thereby, must be apparent to all who have ever had to 
contend with the difficulties which surround the provision of these 
necessaries for live animals. The bad and insufficient food, which 
is often all that can be obtained during field operations, does not tell 
upon the mounts of the cyclists, who carry in a pocket oil-can all the 
refreshment required by the machines during a journey of hundreds 
of miles. When cyclists are in action not a single man need be left 
behind to hold the mounts ; every man can be placed in the fighting 
line. Colonel Hallam Parr, in his Training and Instruction of 
Mounted Infantry, says : — "Few who have commanded mounted 
infantry in action but have turned envious eyes to their horse- 
holders, and devised schemes for getting more of them into the 
fighting line." The machines of the dismounted men, when laid on 
the ground, are quite invisible at very short distances ; the enemy 
would not know their position, and they offer no target for fire. I 
have noticed in the remarks of the chief umpire upon field days held 
at Aldershot, that the exposure to fire of the horses of the mounted 
infantry was the subject of comment. I think it must be admitted 
that cycles are less conspicuous on the road and more silent on the 
march than any other kind of transport. The dust raised by cycles 
is very slight compared to that caused by animals. The tramp of 
horses carrying patrols, scouts, or messengers can, especially at 
night, be heard at great distances, and the strength of the party can 
be estimated, whereas the cycle is absolutely noiseless. In an 
excellent paper on " The Use of the Cycle for Military Purposes," 
contributed by Mr. Lacy Hillier to LonginarJs Magazine of July, 
1887, the distance ride performed by a small party of the 13th 
Hussars is noticed thus: — "The 137 miles covered by the 13th 
Hussars in 68^ hours would be very easily accomplished by 
a quartette of picked cyclists in 1 4 hours ; whilst, if secrecy was 
required, the journey could be accomplished with great ease in two 
nights ; the silent wheels would pass undetected where foiu* mounted 
men could hardly hope to go unnoticed." 

A cycle requires but little daily care or protection compared to the 
attention that must be given to any live animal in order to keep it 
in efficient condition. Military cycles can be made to gauge, and 
be interchangeable throughout ; two disabled machines could be 
easily turned into one serviceable one ; and the vital parts are few, 
small, and easily carried. Cycles can be very easily transported by 
rail ; a large number of machines can be quickly packed in any kind 
of van, truck, or carriage, without the aid of a platform. 
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The cost of efficient safety bicycles for military purposes ought 
not to exceed about XI 2 each, if a number of machines are built 
upon one order. I do not, however, wish to lay any stress, or claim 
any advantage, upon the relative cost of cycles and of other means 
of transport for mounted infantry. Possibly a cycle may cost less 
than a horse, pony, camel, or even a donkey, but do not let us have 
a cheap article merely because it is cheap. If the cycle be found 
to possess certain merits, then by all means let us have some cycles, 
and let us apply them to such uses for which their fitness can be 
proved ; but if any other kind of mount be superior to the cycle 
from all points of view, then let the cycle be discarded, however 
cheap it may be. 

A very old argument used by opponents of mounted infantry as 
a permanent force is that the men when mounted on horses are apt 
to lose their infantry character and, l}y acquiring the desire to fight 
on hoi'seback, to degenerate into bad cavalry. This, I think you 
will agree with me, is a failing which is never likely to be urged 
against a cyclist force, for it is absolutely impossible that such an 
idea as to fight mounted could ever enter into the head of a cyclist ! 

Finally, we all know how very difficult it is to clothe, arm, and 
equip a soldier suitably for riding on horseback with comfort, and 
eijually for the efficient i3erforniance of dismounted duties ; but the 
uniform for cyclists which was suggested by the War Office Committee, 
and approved by H.R.H. the Commander-in-Chief, is a perfect 
uniform for cycle riding and also tlie beau ideal of dress for a 
skirmisher. 

Being anxious to bring this matter of the qualifications of cyclists 
before you in all its bearings, I must now touch upon the oft- 
discussed question as to whether cyclists possess the power to leave 
roads and to take their machines with them. Some people affirm 
that to do so is impossible, and these ])eople, as a rule, are not 
cyclists; others who have frequently taken their own machines 
across country, and have seen the same thing done by bodies of 
men, are equally confident that there is no difficulty at all in the 
matter. My own opinion is that an active man can take a safety 
bicycle anywhere, but that a cyclist-soldier in the exercise of his 
proper functions will hardly ever be required to take his machine 
far from a road of some description. The whole misunderstanding 
seems to me to spring from non-appreciation of the fundamental 
principle that a cyclist-soldier does not use or require his machine 
for fighting purposes, and that when a fight begins he leaves his 
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machine and acts as an infantryman and nothing else. Suppose 

that a small body of infantry is suddenly wanted at a place 50 miles 

off ; a cyclist force is despatched, and rides along the most direct 

road to the place, which, if at all tactically or strategically important, 

is absolutely certain in civilised warfare to be situated on a road — 

in fact, in nine cases out of ten, it will be the existence of the road, 

coupled, perhaps, with some feature such as a bridge, ford, railway 

junction, etc., which gives military importance to the spot — the 

cyclists ride quickly up, dismount, and leave their machines under 

escort at the place where it becomes necessary to deploy, which 

certainly will not be more than a mile from the final destination ; 

thus the men ride 49 miles, and skirmish one mile on foot. I am 

quite aware that it is a physical impossibility to ride a cycle for any 

distance over an enclosed country, but I can affirm from practical 

experience that a safety bicycle can be wheeled over almost any 

ground, and can be lifted over any obstacle that other troops can 

surmount, and over many which are quite impracticable for horses. 

This subject is excellently handled by Captain Balfour in his article 

upon cyclist infantry in the United Seitice Magazine of July, 1890; 

and Lord Wolseley's distinctly expressed opinion is that in a 

cultivated and enclosed country like the greater part of England, 

the tactical action of cavalry will be mainly confined to the roads, 

and he gives his opinion that the power and usefulness of cavalry 

would be very largely enhanced if each regiment or brigade of 

cavalry had with it a considerable force of cyclists. He also very 

})ertinently adds that a cyclist who loses, or is separated from, his 

bicycle is in no worse a position than the cavalry soldier whose horse 

is shot. 

Upon the various arguments which I have adduced in favour of 
cyclist infantry, I base my belief that such a force would be able to 
perform various useful and important duties in the field, and to the 
more prominent of these I will now direct your attention. 

The speed and the staying power of cyclists seem to qualify them 
for employment in all the duties pertaining to messengers, orderlies, 
or despatch bearers both in peace and war. The establishment of 
relay posts of cyclists on any long line on which messages have to 
be sent would ensure very rapid transmission, and would liberate 
troopers for other duties. 

Their speed and noiseless progress fit them as a means of com- 
munication between the fractions of an outpost force both by day 
and night, and between the outposts and the main body. 
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The same qualifications, and the inconRpicuous chai*actcr of the 
cycle, render cyclists eligible as scouts or reconnoitrers in any 
cultivated and enclosed country where the operations are mainly 
confined to the roads. Cyclists, being infantry, can dismount and 
go wherever infantry can go ; and, for the same reason, a small 
body of cyclists has nothing to fear from an equal, or even slightly 
superior, party of hostile cavalry which it might encounter similarly 
engaged in scouting. 

In many cases a cyclist escort for guns would be perfectly efficient; 
all the duties of an infantry escort can, of course, be performed by 
it, and if the ground admits of the guns being moved quickly, such 
ground will also admit of the cyclists keeping pace with the guns 
when changing position. 

A statement made by me at the Royal United Service Institution, 
to the effect that cyclists might be used with advantage to form 
escorts for convoys, was ridiculed by one speaker in the discussion 
that followed the lecture. I do not, however, on that account see 
the slightest reason for changing the opinion which I originally 
formed. The escort of a convoy is often obliged to reconnoitre 
widely upon the roads to the front and flanks, and it often is com- 
pelled to adopt a purely defensive attitude. My contention is that 
a body of cyclists can perforin either or both of these tasks 
efficiently, and I adhere firmly to it. 

The power of carrying entrenching tools or materials for 
demolitions, added to speed and silence, enables a body of cyclists 
to make sudden raids for offensive purposes ; and the men can 
equally be employed to reconnoitre and discover the resources of an 
area of country, to make surveys, or to verify and correct local maps. 

The power possessed by each man of carrying a rifle, a large 
quantity of ammunition, and the service kit, together with the 
freedom derived from the fact that iio additional transport need be 
provided, qualifies cyclists to act in co-operation with the cavalr}'^ 
screen in the attack and occupation of places which are locally 
important. It is very desirable for the proper performance of this 
duty that the ranks of the cyclists should include as many marks- 
men as possible, and every effort to attain this standard should be 
made. 

Should infantry not be required actually with the cavalry screen, 
cyclists would still be very valuable to form connecting links or 
rallying points along the roads between the cavalry scouting parties 
and the heads of the advanced guards marching in rear. 
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In the case of a force, detached or otherwise, which is either 
unprovided or weakly provided with cavalry, it is evident that most 
of those duties which require the power of rapid movement, and 
which consequently fall under ordinary circumstances to the lot of 
the cavalry, must in such cases necessarily be performed by mounted 
infantry, of whatever description it may be, to the best of its 
ability, or else must be more or less neglected. Such employment 
must, however, always be considered as exceptional, and beyond the 
proper sphere of mounted infantry. Cavalry has its own distinguish- 
ing characteristics, and I am glad to say that I have acquired a 
sufficient knowledge of combined tactics to fully recognise the fact 
that cavalry cannot be eflSciently replaced by any other description 
of fighting force ; but I think you must allow that if no cavalry are 
available, cyclists could, at all events, scout and reconnoitre more 
widely and more rapidly than unmounted infantry. Our volunteer 
army is, as you know, so badly provided with cavalry, that it 
becomes our bounden duty to make in peace time some provision for 
the {>erformance of mounted duties in that force ; otherwise, should 
the country be suddenly plunged into war, and obliged to undertake 
home defence, the volunteer force would have to take the field 
without the military equivalent for eyes or ears. 

In conchision, sir, I hope I have said enough to convince you that 
there is really something good in military cycling ; also I hope I 
have not said so much as to lead you to believe that I am a 
monomaniac upon this point, for I can assure you that in 27 years 
of army service I have seen enough of military mattei*s to prevent 
me from falling into any such fatal error as that. I have endeavoured 
throughout, whilst pointing out what I believe cyclists to be capable 
of, not to decry any other arm, or even any other form of mounted 
infantry. All that the warmest advocates of military cycling ask 
for is a full and complete trial, followed by a verdict delivered 
without partiality, favour, and affection, and I am glad to say that 
the military authorities appear very willing to grant both. 
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Before commencing my lecture, I am anxious that the definition 

of what is meant by the term " Mounted Infantry " may be made 

clear, and that it may not be confused with what I prefer to call 

*' Mounted Riflemen." Mounted Infantry are infantry soldiers pur et 

simple f who, in addition to their duties as infantry, are so organised 

and trained as to render them capable of receiving means of 

increased locomotion, whereby they may act in their capacity as 

infantry soldiers when great mobility and rapidity of movement is 

necessary. A force so organised acts relatively to cavalry as 

infantry, in like manner as horse artillery act relatively to cavalry 

as artillery. Mounted Infantry may thus, for purposes of locomotion, 

be provided with horses, ponies, mules, camels, elephants, cars, or 

any mechanical contrivance which the climate and physical conditions 

of the country may render desirable. 

Mounted Rifles, on the other hand, are horsemen who are trained 

to fight on foot. They are men who are mounted and intended to 

perform all the duties of cavalry, except that which may best be 
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described as " the shock." It is expected of them that they should 
perform all the outpost, reconnoitring, and patrolling of an army 
in a manner similar to cavalry ; the only difference being that they 
must rely solely upon their fire powers for defensive and offensive 
action. Our South African and Australian Colonies have raised, 
and are now raising, several corps of this description. The 
American cavalry are now, and during the Great War of 1862-65 
were, for the most part of the same type. I am very anxious to 
have the distinction made very clear between Moimted Infantry 
and Mounted Rifles, because the two have been confused in .such 
a hopeless manner lately by the Press, and even by military 
writers, that a great deal of uncalled-for controversy has resulted. 
There should be no confusion as regards the functions of Mounted 
Infantry and Mounted Rifles, inasmuch as Mounted Infantry are 
infantry soldiers— the pick of infantry, certainly — while Mounted 
Rifles are mounted troops who are armed with a long rifle. The 
training of Mounted Infantry as horsemen is such as renders them 
incapable of being worked as individual units. For example, it is 
impossible for our existing Mounted Infantry to be used for scouting 
and patrol duty in the face of an enemy's cavalry upon ground 
favourable to the action of that arm. 

As regards equipment, the Mounted Infantryman is armed only 
with rifle and bayonet, the former of which he carries continually 
in his hand when in the presence of the enemy. A Mounted 
Rifleman, on the other hand, must be armed with a sword or a 
pistol in addition to his rifle. Were it not so the latter would, 
when mounted and performing outpost or patrol duty, be at the 
mercy of the first naked savage who closed with him from behind 
a ]>ush or clump of long grass, or, in a campaign with a more 
civilised foe, he would fall an easy prey to any mounted foe armed 
with lance or sabre. 

I conceive it to be quite possible that after experience and a 
prolonged mobilization, Mounted Infantry, such as we now have, 
might be conveited into Mounted Rifles. 

It must surely be obvious to any man who studies professional 
questions that with their present armament, and with the short 
training in riding and horse management given them, Mounted 
Infantry can never usurp the functions of an eflicient, well trained, 
and ably led cavalry. It is, in a large measure, owing to the fact of 
the Mounted Infantry at Aldershot being trained — for financial 
reasons — upon horses lent by the cavalry, that so much misunder- 
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standing and controversy on the subject has ensued, and I feel con- 
fident that if from the beginning it had been possible for them 
to have been properly mounted uiK)n 14 to 15-hand cobs, this 
supposition would never have arisen. The fact also that a large 
share of the outpost and desultory skirmishing work fell to the lot of 
the Mounted Infantry in the Egyptian War of 1882 has, no doubt, con- 
tributed to the controversial feeling. I will explain the circumstances 
that brought this about. In the campaign of 1882, the Mounted 
Infantry were mounted on small Arab horses accustomed to the food 
and climate of Egypt, and at the outset of the campaign they did 
extraordinarily good work at Alexandria. Later on, when the troops 
went to Ismailia, the Mounted Infantry did the outpost work in front 
of the army, with the object of saving the English horses which had 
recently arrived in the country, and which were unused to the 
climate and had not recovered from their sea voyage. Lord Wolseley 
and those responsible for conducting the campaign had constantly 
in view the necessity of keeping the cavalry division intact, efficient, 
and ready for the decisive advance upon the Egyptian army, which 
eventually culminated in the decisive forced march upon Cairo. 
This same argument, to a great extent, holds good of the campaign 
at Suakim, in 1884, when the Mounted Infantry were similarly used 
to save the cavalry for the subsequent and decisive portion of the 
campaign, but which in this instance did not arrive. 

I now propose to put the question of the necessity for a mobile 
infantry in the present day before you for your consideration. I desire 
to suggest for your reflection and consideration some points which 
may not have all occurred to you, and to submit to you the deduc- 
tions which may, I think, be reasonably made from them. 

The question of the value of mounted or mobile infantry is a very 
ancient one. We read of Darius, at the battle of Issus, sending for- 
ward five thousand heavily armed infantry, mounted upon the horaes 
of his light cavalry, in order to seize a certain point of the river, 
and the seizinc; of that point led to his subsequent victory. It is 
easy to multiply similar instances, and I cannot do better than 
recommend you to read The Histm't/ of Cavcdryy by Denison. 

If in the past the co-operation of the foot soldier was considered 
so essential to solid success, how much more so must it be in these 
days, when in face of a steady infantry fire nothing can live up to 
800 yards, and when by mass firing extraordinary results can be 
obtained at 1,400 and 1,500 yards. The whole tendency of the 
war experiences since 1859 is to increase the value of fire power. 
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and to show that decisive results can only be expected from 
its invariable employment. Our own cavalry regulations do not 
contemplate that the cavalry can supply this fire power. Wc find 
under the head of dismounted duties as follows : — " Cavalry to fight 
dismounted must be regarded as a help in need, to be resorted to 
only when the mounted combat is unsuitable." Again : — " Cavalry has 
not the power, nor is it in accordance with the spirit of the arm to 
carry on a long continued fight with fire-arms." 

The meaning of the above extracts from, and the spirit of the 
whole of the cavalry regulations, is simply this, that cavalry are not 
intended to undertake an engagement on foot in which an enemy's 
better armed infantry is opposed to them when, in fact, a long 
continued musketry fight may be anticipated. The result, therefore, 
of the teaching of our cavalry instructions, no less than those of the 
Germans, is that directly dismounted cavalry are opposed to infantry 
fire of coiTesponding or even inferior numerical strength, their further 
action must be paralyzed from their sheer inability to compete with 
it on equal terms. 

How then can cavalry trained upon such principles have any 
strategical independence 1 How then can they act, even tactically, 
with necessary self-reliance on their own powera ] 

Could, for instance — I submit this for your consideration — a force 
of British, German, or French cavalry attempt to follow the strategy 
pursued with such success by Sheridan and others in the American 
War, with the knowledge that, at any moment, their further pro- 
gress may be blocked by the superior fire power of an enemy's 
infantry 1 

It is, therefore, to supply this want that mounted infantry have 
been introduced into our service. It is to give our cavalry this 
necessary infantry fire power in warfare between ourselves and any 
civilised nation that our present force of mounted or mobile infantry 
exists. It has been the intention to create for this country a com- 
bined force of the three arms, viz., cavalry, horse artillery, and 
mounted infantry, which shall be able under any physical condition 
of ground, and under all circumstances, to act freely and efficiently 
without any support from a slow-moving infantry. If this argument 
is true against a civilised foe, it is doubly so against a savage enemy, 
where i*a})idity of movement is to reap the moral as well as the real 
harvest of victory. No successful engagement with an Asiatic or 
savage foe can be decisive without the power to overtake him in 
retreat, and to thus complete your victory. It requires no demon- 
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stration upon my part to remind you that it is fire power which 
alone is really effectual against savages or even Asiatics ; that lance 
and sabre is of small real value in comparison. 



The Revival of Cavalry. The Controversy "l'Arme 

Blanche" v. Repeating Rifle. 

I now propose to touch upon the revival of cavalry, a subject upon 
which so much has been written on the Continent lately. What do we 
now see on the Continent 1 On the one hand the Germans and the 
French perfecting the attack of cavalry by arnie blanche, and relying 
less and less every year upon the fire jx)wer of their cavalry. Both 
nations are arming their cavalry for the most part with the lance, and 
thus rendering dismounted action more and more difficult. In the 
recent manoeuvres of the Prussian Guard Cavalry Division in Silesia, a 
British cavalry officer who was present has stated that he never once 
saw the cavalry dismount for dismounted duty, though the prevailing 
idea among the German officers appeared to be that the dismounted 
action of cavalry will be very useful in future wai-s. He adds that 
he could not discover that anybody had thought much about the 
employment of mounted infantry. On the other hand we have the 
vast masses of Russian cavalry armed with a long rifle, and trained 
to fight on foot. 

Let us consider the arguments upon which are based thefse two 
opposing theories. 

The latest war experience of the Germans is the war of 1866, 
and the Franco-German War of 1870. Were their experiences of the 
value of cavalry then such as to cause them to ignore fire power 
for the development of ** shock ] " If so, they are doubtless justified 
in neglecting the fire action of their cavalry, and in not adopting 
any system of rendering their infantry sufficiently mobile to act with 
their cavalry. I propose to consider this point later. 

The latest war experience of the Russians is the Turkish War of 
1877-8, and that with the Tekke-Turcomans. The latter was in 
some respects similar to our campaigns in the Soudan and elsewhere 
with uncivilised and warlike peoples. W^hat deductions have the 
Russians drawn from their experiences 1 What deduction may we 
suppose that General Gourko has drawn from his raid to and 
south of the Balkans 1 The changes that have followed in the 
Russian army are the best answers to these questions. The Russians 
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seem to have decided that if cavalry are to act independently and 
effectively, they must develop their fire power to accomplish their 
roUf and nearly the whole of their cavalry carry a long rifle. It was 
one of Skobeleff's ambitious schemes that he should invade India with 
100,000 mounted men. How many of these, think you, would have 
been, or could have been, cavalry in the German sense of the term ? 



Tactical Value of Masses of Cavalry. 

I now propose to consider the action of cavalry in masses tactically 
since the modern improvement in fire-arms. 

In the days of Frederick the Great, and throughout the campaigns 
of Napoleon, and, indeed, later, till about 1854, when rifled arms 
began to be introduced, a ready forward boldness and dash were the 
safest as well as the most effective course for a mounted soldier 
opposed to infantry. Under the conditions of the infantry fire-arms 
of those days, the mounted men had but, at the worst, to risk the 
effect of two ill-directed shots : the first delivered by the rear rank 
at 150 yards, the second by the front rank at or under 30 yards. 
In other words, the danger to the cavalryman from musketry fire 
began at 200 yards, and ended when the front rank had expended 
their shot at 30 yards. After that the muzzle-loading musket or 
rifle could only be reloaded slowly, and the infantry soldier must 
stand defenceless while working his ramrod. Weather and defective 
ammunition frequently made the infantry fire still more uncertain 
and ineffective. Yet, even under these unsatisfactory conditions, 
good and unshaken infantry could always hold their own against 
the best and most devoted cavalry. 

I am tempted to quote to you an extract from the Journal of 
Major Macready, 30th Foot, edited by Colonel Beamish, who describes 
what took place at Waterloo in very graphic terms, and thus speaks 
of the attack upon the infantry square in which he stood : — 

"In a few minutes after, the enemy's cavalry galloped up and 
crowned the crest of our position. Our guns were abandoned, and 
then they (the cuirassiers) formed between the two brigades, about 
200 paces to our front. Their first charge was magnificent. As soon 
as they quickened their trot into a gallop, the cuirassiers bent their 
heads, so that the peaks of their helmets looked like vizors, and they 
seemed cased in armour from the plume to the saddle. Not a shot 
was fired till they were within 30 yards, when the word was given, 
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aod our men fired away at them. The effect was magical. Through 
the smoke we could see helmets falling, cavaliera starting from their 
seats with convulsive springs as they received our halls, horses 
plunging and roaring in the agonies of pain and fright, crowds of 
soldiery dismounted, part of the squadron in retreat, but the more 
daring backing their horses to force them on the bayonets. Our fire 
soon disposed of these gentlemen. 

" The main body re-formed in our front, and rapidly and gallantly 
repeated their attacks ; in fact, from this time (about 4 p.m.) till 
near six we had a constant repetition of these brave but unavailing 
charges, but our ammunition decreased alarmingly. 

*' The best cavalry is contemptible to a steady and well supplied 
infantry regiment Even our men saw this, and began to pity the 
useless perseverance of their assailants, and as they advanced would 
growl out: — *Here come these fools again.' Their devotion was 
inyincible." 

So much for Brown Bess ! What the result of such an attack 
would be upon unshaken infantry now, armed with a low trajectory 
magazine rifie, I leave my audience to imagine. 

In Italy, in 1859, we do not read that the fine force of French 
cavalry accomplished anything decisive upon the Austrians in their 
retreat to and across the Mincio after Solf erino ; in fact, their retreat 
was unmolested, though three splendid regiments of Chasseui's 
d'Afrique and five regiments of hussars of the cavalry divisions 
Partonneaux and Desvaux had carried out some spirited charges 
against the Austrian squares. Their losses appear to have been such 
as to have paralyzed their further efforts. 

In Bohemia, in 1866, we search in vain for any great result from 
the tactical use of masses of cavalry, though both Prussians and 
Austrians possessed a magnificent force of highly trained and care- 
fully equipped horsemen. On the contrary, in the Times of the 30th 
August, 1866, the special correspondent (himself a cavalry officer) 
writes as follows after the battle of Koniggratz : — 

" But Pardubitz will be a standing disgrace to the Prussians in a 
military sense. It is an easy hour's march for cavalry from the field 
of Koniggratz. It was 4.30 p.m. when the Austrians retreated. 
Their pontoons were principally at Opatovic, three miles below 
Koniggratz, and not covered by the gims of the fort. The Crown 
Prince had 13,000 or 14,000 sabres, which had not been used at all. 
The cavalry, under Prince Frederick Charles, mustered at least 
10,000. But these horsemen, who had been maintaining their 
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superiority on all occasions to the Austrian horse, not only never 
ventured to press them as they covered the retreat, not only refrained 
from moving towards Parduhitz, but never appeared even near 
Opatovic. They had four hours clear daylight ♦ ♦ ♦ and did 
not approach Parduhitz till noon on July 4th. Had they swept 
round the Austrian flank, and made their appearance on the road 
between Holic and Hohenmauth on the morning of July 4th, they 
might have swept up half an army for their pains." 

In France, in 1 870. As regards the action of the Prussian cavalry 
in 1870 — please to understand I am referring to decisive results of 
the tactical action of masses of cavalry — I will quote an extract from 
the Geiman official account relative to the action of the Fourth 
Cavalry Division at the outset of the cami)aign. After the action at 
Weissenburg, on the 4th August, the Fourth Cavalry Division were 
instructed to carry out a reconnaissance towards Hagenau-^ufflenheim 
and Kappenheim, for the express purpose of seeking out the enemy. 
The force to which this duty was entrusted consisted of the Bemhardi 
Lancer Brigade and the Second Body-Guard Hussars. This was the 
result, in the words of the official account : — 

^* No indications of the enemy were found this side of the Hagenau 
Forest. General Bemhardi pressed forward with the main body of 
his brigade along the high road as far as the southern issue from the 
forest ; but on reaching this point, close to Hagenau, a bridge was 
found broken up and occupied by hostile infantry, upon whom the 
fire from the hussars' carbines made no impression. As it was 
impossible for the lancers to deploy in the forest, the brigade with- 
drew, the enemy's skirmishers following and keeping up a continuous 
fire upon it from both sides of the road.'' 

This instance, small in itself, is one of many which it would not 
be difficult to collect from the pages of the official account itself. 
Yet, siu-ely, the demoralization of the French troops after the 
destruction of the army of the Khine, and the singular absence of 
opposing cavalry, must have furnished ample opportunities to the 
German cavalry for achieving such decisive results as would have 
eclipsed all the gallant deeds of the American cavalry leaders in 
1862-65. If what I say is true of the failure of the German cavalry 
in arriving at great results, still more is it true of the French cavalry 
in the subsequent phases of the war. The long line of communica- 
tion between Paris and the lihine — between 400 and 500 miles — was 
the weak point in the German advance, and if a large body of mounted 
men had been thi'own with vigour upon any portion of the line, the 
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results might have been such as would have completely changed the 
aspect of the campaign. Nothing of the kind was ever attempted. 
Imagine, for instance, what would have been the result if a great 
loader of mounted men like Morgan, Fonest, Grierson, or Wilson had 
attempted a raid upon this long line of communication such as they 
effected in the great American War. 

In Turkey, in 1877-8, the Russian cavalry seem to have effected 
little, with the exception of Gourko's celebrated advance across the 
Balkans to Kazanlyk and Eski Sagra, in July, 1877. General G our ko 
had with him a force of the three arms, viz., 5,000 infantry, 4,000 
cavalry, and 32 guns, in order to ensure his success, as he knew that 
he must be opposed by the Turkish infantry. With this combined 
force he achieved the success which made for him a world-wide 
reputation as a great leader. The presence of infantry, in fact, 
armed with a rifle which could compete with the Martini-Peabody of 
the Turks, enabled his cavalry to achieve a success which, acting 
alone, would have been improbable, if not impossible. It may be as 
well to remark that the Russian cavalry were armed with a short 
Berdan rifle and bayonet, which were but little inferior to the 
infantry weapons of the Turks. 

Instances of a decisive success of masses of cavalry alone against 
infantry since the introduction of the rifle are, as far as I can make 
out, wanting, and we search in vain to find a repetition of the 
old world successes of cavalry over infantry since its introduction. 
Henceforth, as heretofore, wherever cavalry meet cavalry, victory 
will be to that side whose horsemen are the Ijest mounted, most 
skilled in the use of their arms, and most ably handled and led. 
When cavalry are opposed to infantry, a field of conjecture opens to 
us. Who can tell what will be the effect in the next war of the 
onward and impetuous rush of the serried masses of German or 
French cavalry upon infantry armed with a magazine rifle 1 Will a 
cavalry leader arise who shall dare to hurl his masses of cavalry upon 
an enemy's infantry ] A leader who, seizing a favourable moment of 
attack, and having suitable ground over which to manoeuvre, shall 
re-establish the old supremacy of the horseman over the footman ! 

Our experiences in Zululand with the faultlessly brave Zulu 
warriors, in Afghanistan with the wild fanaticism of the Ghazis, in 
the Soudan with the Hadendowas heedless of death, tell us what can 
be done by the onward rush of determined men on foot. Many of 
us can recall the anxious moments when, in spite of the steady infantry 
breech-loading fire, unshaken by artillery or distant musketry, our foe 
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has charged up to the very muzzles of our rifles. Some of us may have 
been present when the Hadendowas threatened and broke our squares 
in the Soudan desert. Some of us, perhaps, may have iieard the 
shout of poor Sir Herbert Stewart when the head of the Arab mass 
was nishiiig upon the mounted infantry angle of the square at Abu- 
Klea : — " Can no one shoot these fellows t " It was not until the 
wild surging mass of Arabs arrived within 40 yards of the infantry- 
men's rifles that their fire began to tell, and the onward rush was 
diverted upon the exposed rear face of the square. As everyone 
knows, by a tactical blunder, the rear face of the square had been 
wheeled outwards, and consequently a gap was left which let the 
Soudanese in at the rear, and nearly accomplished the destniction of 
the desert column. Surely Isandlwhana, Gingihlovo, Ulundi, Tamai, 
and Abu-Klea are proofs of what can be done by determined men in 
the face of breech-loading fire-arms. 

There is a sajring of an American general, an authority on 
cavalry : — " Sir, if you take the bits out of the horses' mouths, and 
ride home in serried mass, there are no infantry in the world that 
would stand before you." 1 venture no opinion upon this point, and 
I prefer to commend to your reflection and study the relative value 
of masses of cavalry upon infantry in foimation. 

The Strategical or Independent Action of Masses of 

Cavalry. 

With reference to the independent strategical action of masses 
of cavalry or mounted troops, I can recall no instance of any 
decisive result having been achieved by the independent stiutegi- 
cal action of a large force of cavalry or mounted troops in any 
recent campaign in Europe, or by European troops, except by Gourko 
in 1877, and by Sir D. DmryLowe in 1882, since the American 
War of 1862-65. The account of Gourko's dash for the passes over 
the Balkans, his destruction of the railways within 70 miles of 
Adrianople, and the panic caused throughout the length and breadth 
of Turkey, is too recent and too well known to require further 
comment. 

Sir Drury-Lowe's dash with his cavalry division, horse artillery, 
and mounted infantry, upon Cairo, after Lord Wolseley's victory at 
Tel-el-Kebir on Sept. 13, 1882, is also well known to us all. After 
a forced march of 58 miles, the cavalry division reached the environs 
of Cairo by 9 p.m. on the 14th, or 38 hours after the battle of Tel-el- 
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Kebir. The mounted infantry, and a squadron of the 4th Dragoon 
Guards, were the same night pushed ahead into Cairo, and by mid- 
night actually occupied the citadel, though at that very moment it 
was garrisoned by several thousand Egyptian troops. On the morning 
of the 15th, so great was the moral effect of this lightning stroke of 
Lord Wolseley's, that Cairo— a city of 360,000 inhabitants, garrisoned 
by 10,000 troops — surrendered at discretion, and the campaign was 
ended. 

We must go back and study the history of the American War 
ere we find similar instances of the independent use of bodies of 
mounted troops. It has been the custom among students of military 
events to ignore the lessons and the practical experience to be 
leanit from the most protracted and bloody war of this century. It 
is curious how little the American War has been studied either 
by ourselves, the Germans, or French. I cannot commend to your 
notice any more valuable study, or more interesting reading, than 
this war, especially with reference to the action of t>ieir mounted 
troops. 

The Americans, having no military traditions to hamper them, 
evolved a mode of warlike procedure which was eminently prac- 
tical and suited to the time and country. The most conspicuous 
departure which they made from the old world niles of war was in 
their use of their mounted troops. It is impossible for me to enter 
into details of the early deve1o])ment of the \ alue of their cavalry, 
made in the outset by the Confederates under Morgan, Forrest, and 
Stewait, and followed later by the Federals under Grierson, Wilson, 
Stoneman and, finally, Sheridan. 

The value of the independent action of cavalry columns, under the 
leaders I have mentioned, which were called by the Americans "raids," 
proved to be enormous. The system initiated by the South was 
subsequently developed to its utmost by the North, with the inten- 
tion, as expressed by General Grant : " To eat out the vitals of the 
State they moved through, and to leave nothing for the rebellion to 
stand upon." I would commend to your careful study Morgan's 
great raid into Tennessee, and also Grierson's, as being perhaps most 
noteworthy. 

The following are resumes of these two raids : — 

Morg€m,*8 Gon/ederaU Raid in Kentucky. — Left Knoxville July 4, 1862; 
strength, 1,200 mounted troops ; distance covered, 1,000 miles ; period, 
24 days; loss, 90 killed and wounded; reached lavingstone 28th July (see 
PlaUUL). 



30 

RMtilfA, — Capture of 17 to^^s; destruction of supplies and anns ; capture 
or dispersal of 2,700 Federal troops ; panic on the Money Market in New York ; 
subsequent retreat of General Buell's army. 

Orieraon's Federal Raid through Mufdntfippi. — Left La Grange, Tennessee, 
April 17, 1863 ; strength, 2,000; distance covered, 300 miles ; period, 15 days ; 
loss, nil ; reached Katon Rouge 2nd May (see Pla^e II. ). 

Restdfif. — The whole of the railways and lines of communication l)etween the 
Mississippi Valley and the Eastern Confederate States severed ; great destruc- 
tion of stores ; paved the way to the siege and fall of Vicksburg, and conquest 
of the Mississippi by the Federals. 

Time does not admit of my entering into the details of the 
great Shenandoah raid by General Sheridan, which destroyed the 
James River canal, one of the great lines of supply by which the 
Confederate army at Richmond was fed. This feat occurred early 
in March, 1 865, and was the commencement of the end which Grant 
had aimed at by his policy of " hammering continuously, until by 
attrition, if in no other way," he should crush his enemy. The 
" throttling process," by which Sheridan first of all turned Lee's 
flank at Five Forks, and the manner in which he subsequently 
threw himself across Lee's only line of retreat, and so compelled 
the surrender of the Confederate army at Appomattox Court House, 
on the Sth April, 1865, "are instances which I must ask you to study 
carefully for yourselves, and you will find that they particularly 
prove what I have endeavoured to biing to your notice, viz., the 
importance of the independent strategical action of mounted troops, 
for which fire power is the main factor. 

SheridarCs " Throttling Process " in the operations before Richmond, 
March and April, 1865 : — 

Resumd of Events. — Advance of the Federals, under General Veglers, from 
Reams, on March 29th, upon the South Side Railway, so as to envelop the 
Confederate army, under (ieneral Lee, still occupying Richmond and Petersburg; 
Sheridan, with three divisions of cavalry, about 10,000 strong, moves as van- 
guard ; Battle of Five Forks, March Slst and April Ist, fought principally by 
Sheridan's cavalry ; South Side Railway occupied ; retreat of the Confederates, 
under General Lee, by the Richmond Danville Rail upon Danville begins 
April 1st ; Sheridan, with his cavalry, heads the retreat at Amelia Court House 
and Jettersville ; Lee moves on Lynchburg ; Sheridan heads him at Sailor's Creek 
April 6th, and finally arrests his further retreat at Appomattox on 9th April ; 
surrender of the Confe<lerate army follows upon tlie same day (see Plate I. ). 

I have alluded in my resurtU to the destruction of Holkar's army, 
November 16th, 1804, by Lake's mounted troops. Time does not 
admit of my narrating the facts as I should have wished, and I can 
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only commend to your careful study the Mahratta War. I will, 
however, briefly state the facts for those of you who may not recall 
them. 

In November, 1804, Lonl Lake, finding it impossible to over- 
take Holkar with his infantry and cavalry combined, determined to 
leave his infantry, and at the head of his cavalry and guns to push 
forward and annihilate Holkar's vast horde of irregular horse before 
he could make good his retreat across the Jumna. 

With a force of nearly 4,000 men. Lake started in pursuit, and 
after a march of 312 miles, got within 38 miles of Holkar's army on 
the night of the 16th and 17 th November. Lake, hearing that 
Holkar was in front of him, guessed that as he was so close to 
the Jumna he would be in fancied security. Marching at seven 
o'clock in the evening of the 16th, he cleared the 38 miles, and at 
daylight fell upon Holkar's army asleep, without any outposts or 
any other precautions being taken to prevent a surprise. The guns 
opened a deadly fire at short range upon the slumbering camp, and 
like a whirlwind Lake's dragoons swept through the enemy's lines. 
Three thousand of Holkar's horsemen were slain, and his army 
completely broken up. The conclusion of this splendid achievement 
of Lake's cavalry is thus summed up by Major Thorn, the historian 
of the war, and himself an actor in the scene : — 

"The pursuit continued upwards of ten miles, and as our march 
during the preceding day and night was 58 miles, the distance to 
which the enemy was pursued and the space passed over before we 
took up our encampment ground considerably exceeded 70 miles in 
24 hours — an effort probably unparalleled in the annals of military 
history, especially when it is considered that it was made after a 
long and harassing march of 350 miles in the space of 14 days." 

Here, indeed, we have a magnificent and decisive feat carried out 
by cavalry and artillery alone. 

During the Indian Mutiny of 1857, the action of our cavahy was 
not as successful or as decisive as might have been expected from 
its achievements earlier in the century, and especially in the Mahratta 
Wars. It was not decisi\e because — firstly, the tr.ulitions of our 
cavalry were confined to arme hUinche ; and, secondly, they were 
opposed to Sepoy infantry, armed with an infantry soldier's weapon. 
At the Kaptee the circumstances are worth referring to as an illus- 
tration of this point. Our cavalry, in pursuit of the Nana, had 
arrived on the Uaptee in plenty of time to attack, crush, and capture 
him and his army, encumbered as they were by their loot. They 
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were, however, prevented from doing so on account of a large belt of 
wood, some half-a-mile broad, which was held by the rebel Sepoys. 
Our cavalry were unable to force their way mounted through this 
belt of forest, and they were equally unable by dismounted action 
to attack the rebel infantry, and so they had no alternative but to 
wait, looking at the rebels, until our infantry came up. The infantry 
were then five miles behind, and it took them rather more than an 
hour to reach the wood, and that hour gave the Nana and his 
troops time to withdraw in safety across the river and elude the 
retribution which awaited them. 



Deductions. 

In the numerous instances which I have recalled to 3'oiu* memory, 
it has been my endeavour to demonstrate the following lessons : — 

(1). That the independent action of one arm without the other 
two can never achieve any real or solid results. 

(2). That a certain decree of tactical effect may still be looked for 
from the judicioiis use of masses of cavalry against infantry. 

(3). That the indcjjendent action of cavalry alone, trained to rely 
mainly, if not exclusively, upon arrne blanche is liable to be paralyzed 
at any moment, and that its tactical effect can at best be temporary, 
while any lasting strategical result is impossible. 

(4). That if used in conjunction with such fire power as infantry- 
men carefully trained to fight on foot can alone supply, the 
independent strategical i)ower of cavalry has been increased a 
hundredfold. 

With regard to (1) and (3), I have recalled to your memory the 
campaigns of 1859-66-70, and the Mutiny of 1857-58, which, so far 
as the independent action of cavalry is concerned, are barren of 
decisive and lasting results. 

With regard to (2), I have reminded you what our savage foes 
have achieved in the face of our own breech-loading rifle in 1879, 
and in 1884-5. I might further quote instances where cavalry have 
achieved results by acting a daring but judicious role upon the field 
of battle, and remind you of the Italian cavalry at Custozza, the 
French cavalry at Worth, and Yon Bredow's famous charge at 
Vionville. 

I can find in the history of the wars of the Continent, however, 
no record or any lasting and decisive result so obtained. The effect 
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has been moinentary, and the sacrifice to the cavalry employed great. 
The "speed to overcome" has been present, but the "fire to 
destroy " has been wanting. 

With regard to (4), I have shown that the Americans, in 1862-65, 
by the development of the fire power of their mounted troops, 
achieved results not only glorious, but decisive in their effect ; that 
the Russians, under Gourko, in 1677-78, with their rifle-armed 
dragoons, obtained similar results ; and that our cavalry division, 
with a small advanced column of dragoons and mounted infantry, 
occupied the citadel of Cairo in 1882, and so completed the destruc- 
tion of Arabi's power, which the battle of Tel-el-Kebir had shattered. 
You may, perhaps, ask why I have quoted to you the Mahratta 
War, and the action of Lord Lake's cavalry in 1803-4. It was that 
I might invite you to compare the splendid and decisive results 
gained then by independent cavalry action, with the indecisive 
action of our cavalry in 1857-8. The reasons appear to be that Lord 
Lake's cavalry were dragoons, nearly all armed with a fire-arm, and 
accustomed to its use. Each ciivalry regiment had in addition two 
light galloper guns, so that for that period the cavalry had as 
eflfective fire power as could be given to them. Their opponents 
were in-egular and partially disciplined Mahratta horse, armed at 
best with only an imperfect fire-arm, which was rarely of any real 
service. On the other hand, our cavalry, in the Mutiny, found 
themselves opposed to an infantry armed with an infantryman's 
fire-arm, and holding to their traditions that a good cavalryman is 
to fight only with sabre and with lance, their independent action 
was invariably paralyzed. 

I will recall to your mind an incident connected with the Mutiny 
which is very pertinent to my argument. The greatest difficult}' was 
experienced in quelling the rebellion in the Shahabad district, towards 
the end of the Mutiny, because our infantry, moving so slowly, found 
it impossible to overtake the rel)els. This became so serious a question 
that the present Sir Henry Havelock-Allan (then Captain Havelock) 
obtained leave to organize and mount a company of infantry marks- 
men. A company of sixty infantry soldiers of the 10th Foot, under 
Captain Bartholomew, was accordingly trained and mounted on native 
ponies. Assisted by a dozen troopers and a few mounted volunteers, 
this diminutive infantry column was despatched to follow up a large 
force of the rebels in October, 1858. Malleson, in his History of the 
Sepoy War, gives the following account of their achievements : — 

" This success (i.e., the pursuit and destruction of the large force of 
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rebels in the Shahahail district) is to be attributeil solely to the new- 
use of the mounted infantrymen, without whose presence the enemy 
would, as on every former occasion, have escaped unscathed through 
their 'superior speed/" 

Havelock's loss in this singular pursuit, which covered 200 miles in 
five days and nights, was only three killed and 18 wounded, while 
the rebels lost 500 killed in the actions of the 19th, 20th, and 21st 
October. 

" Thus," continues Malleson, " 60 infantry soldiers, organized on 
a novel plan, and aided by a handful of cavalry, had effected with 
nominal loss in five days what 3,000 regular troops had for six 
months failed to accomplish, viz., the complete expulsion of 4,500 
rebels from the province, and the infliction on them of a punishment 
the impression of which has not to this day \yeen effaced." 



Combination of thk Three Arms. 

The Russians have endeavoured to combine the old role of infantry 
and ciivalry into their modem cavalry soldiers, and have partially 
followed in the wake of the American cavalry of the Great War. 
It is strongly held by a multitude of writers and experienced 
leaders of men that you cannot have the same man believing him- 
self to be invincible when mounted, an<l equally unconquerable when 
dismounted, and to justify this a.ssertion, I would only point to our 
own cavalry regulations and that of the Germans, and ask you to 
read them carefully, and say whether as a result of their teaching it 
is pos.sible to have cavalrymen so skilled as infantry that they could 
stand for one moment against good infantry, trained as such, and 
armed with a long range, low trajectory, repeating rifle. Have any 
of my audience ever seen any body of German, French, or British 
cavalry nianci^uvred as infantry, or worked tactically as a fighting 
body on foot 1 The principle of one arm being dependent ui)on the 
other two is, I submit, as applicable to cavalry as it is to infantry or 
artillery. If cavalry are to develop their maximum effect acting in 
masses, either tactically or strategically, it must be by acting in 
combination with artillery and infantry. 

It has been urged by a recent military writer, in his work, TJie 
EkiiienUi of Mmiern Tuciics, " that infantry is the only arm which can 
act indei^endently under all circumstances, whether in attack or 
defence, in motion or at rest,' 
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This is ii principle which is entirely at variance with practical 
experience. No one arm can be said, under all circumstances, to be 
indepen<lent of the other two, and I challenge the writer to show 
proof of his statement. Two very notable instances during the 
Boer War of 1881 will occur to some of us, showing the utter 
helplessness of infantry alone, whether in motion or halted on 
the defensive. One was the destruction of the 94th Regiment at 
Brunker's Spruit, and the other the defeat of Sir George Colley 
and his column on the banks of the Ingogo. At Bnmker's Spruit 
a single infantry battalion was engaged, and the Boers shot down 
the hel[>less infantry soldiers as they pleased. The engagement on the 
banks of the Ingogo was of a similar kind. Our small column consisted 
of 350 infantry with two R. A. guns, to which was added a handful — 
ten or a dozen — mounted infantrymen miserably mounted and 
indifferently trained. The superior Boer force havnng compelled our 
column to halt and take up a position, then proceeded to gallop 
round them out of range, and speedily encircled the luckless infantry 
and guns with a zone of rifle fire. The result of these tactics, so 
happily conceived and executed by the Boers, was that, after a 
gallant struggle of eight hours, our small force lost half its number in 
killed and wounded, and would have been annihilated but for dark- 
ness and a storm of wind and rain, which enabled Sir George Colley 
and the remnant of his force to drag away their guns by hand, and 
so withdraw from the helpless position in which they had been placed. 
The teaching of the great American War, of the great wars of 
1859-6G-70-77-78, and our small wars points to this fact, that if 
the maximum of result is to be achieved by mounted troops acting 
taetically on the field of battle, or strategically — i.e., by independent 
action — it niu.st be by the employment of a combination of the three 
arms, viz., cavalry possessing the highest skill and training in the 
use of arnie hlam-Jie, ; a rapidly moving and highly trained infantry 
armed with the best available fire weapon ; and artillery armed with 
the most effective guns, and possesvsing similar jX)wers of mobility to 
the cavalry and infantry. In this manner only will you have *'speed 
to overcome," and " fire to destroy." 

I think it is a fair assumption to make that the power which can 
first satisfactorily solve this problem and achieve this result will, in 
the next great war, eff»*ct such a revolution in the tactics of the past, 
as will eclipse the feats of Stewart and Sheridan, and astonish the 
world with successes such as may rival those of Napoleon and 
Alexander. 

d2 
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Training and OROANrzATio?* of Mounted Infantry. 

I had intended to allude to the training, organization, cost, and 
power of development of the existing system of regular mounted 
infantry, but I cannot do more than briefly touch upon it. With 
reference to the training and organization of mounted infantry, 
there are many ways in which this might be effected. First, 
a single battalion might be taken intact and trained as mounted 
infantry ; or, second, a single complete company be selected from 
a number of battalions ; or, third, a smaller detachment he carcfulh' 
chosen from a larger number of infantry regiments. As regards 
the first plan, it would be impossible to find in the whole British 
army a battalion which could be trained complete as moimted 
infantry. The second plan, viz., to take a company of 5 officers 
and 126 men, would be to really emasculate a battalion. The 
last plan, our present system, is to take 1 officer and 32 men from 
certain regiments, and to combine these detachments into com- 
panies, and then to combine the companies into battalions. This 
system has its advantages as well as its disadvantages. Certainly it 
has this disadvantage — you have a great number of units working 
together who have never, pei-haps, seen each other before. It has 
this advantage, however, that if you wish to still further increase 
the force of mounted infantry you can do so by merely increasing 
the size of the quota to be furnished from each infantry battalion 
to 66, or half a company, in place of the before-mentioned 33, or 
one fourth of a company. There are the gravest objections to having 
permanent mounted infantry. If a permanent corps of mounted 
infantry were organized, they would, in. the opinion of those of us 
who have had most exj)erience, speedily become dragoons, and bad 
drai^oons too. 

Lkssons of the Cavalry Manceuvres of 1890. 

I come now to the lessons which have been learnt from the 
cavalry manoemres in Berkshire in 1890. The presence of a force 
of three companies, or 400 mounted infantry, has proved the 
following points, viz. : — 

(1). The value to cavalry of a force of mounted or mobile 
infantry. 

(2). That by two months' training, and by a well thought-out 
system of organization, infantry soldiers can work mounted with 
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cavalry in the field, and can at the same time maintain their 
efficiency. 

Those were the two questions that we of the Mounted Infantry 
Eegiment felt that we were upon our trial to prove. For the result 
I will quote from the Times. The 'Iwifs military correspondent, a 
well-known and not too favouiubly disposed critic of the value of 
mounted infantry, observes in his first letter that the presence of 
the mounted infantry marks " a distinct innovation on accepted and 
orthodox tactical ideas," and continuing, he says :~ -"Continental 
soldiers, and nearly all our own cavalry officers, declare there is no 
need for the formation of a body of infantry to be told off specially 
to help them ♦ ♦ * that their troopei*s can dismount and do 
the work quite as well as infantry." In his last letter we read 
the following deduction of his personal study of the manoeuvres : — 
'* One of the results of the manoeuvres has been to prove the great 
value of mobile infantry in regular warfare." If this is the result 
of an experiment in peace manoeuvres with blank ammunition, what 
may be looked for from the same force on service with ball ammu- 
nition, 44 per cent, of whom were marksmen and all of picked 
physique ? 

CONCLUDlNCi KkMAKKS. 

It seems to be an accepted fact that we Bntons are, in all 
things military, to follow the lead of others. Some of us may well 
recollect when, after the Crimean anil Itiilian campaigns, we wor- 
shipped at the shrine of the French. We wore trousers that 
were baggy and caps that had peaks. Since the collapse of the 
French military power we have slavishly bent the knee to every- 
thing German. We prefer to ask what the opinion of Berlin may be 
u|)on all militiiry problems rather than to trust to our own judgment, 
or to l>clieve our own ex[)eriencc and follow the dictates of our own 
common sense. 

In every line of life — whether it ])e commercial, mercantile, 
naval, or the fine arts — we take our position in the very front 
rank, if indeed we arc not unrivalled. In things military we 
are ready to biu'y our heads, and take an insignificant position. 
We wilfully forget that we have lived, and live, by the sword, 
and that we have created, and are at this moment creating, 
this vast Empire of ours by campaigns in every pait of the globe. 
The experience of our armies is nut confined to the Continent of 
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Europe, with its accepted rules of war, but it embraces campai^ 
the snows of North America ; the rivers and forests of Can?***" * 
the fever-stricken swamps of the West Coast of Africa ; the 
plains of South Africa, with their thousand miles of communicati 
the sultry he^t of India ; the sands and deserts of Egypt, an 
Equatorial Africa; and the jungles and fastnesses of Bur 
What nation in the world possesses such a record as this 1 A\ 
experience have the Germans had of the tropical sun of India or 
Equatorial Africa, the West Coast of Africa, or of campaigns in 
Soudan desert 1 The Italians, indeed, have had a recent and soi 
what bitter experience on the shores of the Ked Sea, while 
experience of the French in Tonquin and Dahomey cannot 
deemed particularly happy. 

Gentlemen, it has been wisely said that " to follow is to remaii 
behind." Let us take this to heart and let our motto be " Progress," 
in all things military as it is in all things commercial. Let us acce 
the facts as facts, which I have submitted to you this afternoo 
Let us make from them the deductions which our exj)erience in 
campaigns, and in every description of country and climate, alik 
dictate to us. Let us venture to declare boldly, in the face o 
Berlin : — " Yes, as we have the finest infantry in the world, so als 
do we intend to make it the most mobile, to so train it that we can 
work a portion of it, if need be, with the rapidity of its sister arm." 
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PAPER III. 



THE TREATMENT OF SEWAGE. 



By W. Santo Crimp, M. Inst. C.E., F.R.M.S., F.G.S., Etc. 



It is not necessary or desirable in a short paper to discuss the 
historical aspect of the question of "Sewage Disposal." Blue Books 
and Reports innumerable exist and arc constanth^ being added to, in 
most of which some light is thrown upon a most troublesome 
problem, and the operations of past investigators are brought under 
review. We shall, therefore, consider the question as it now stands; 
firstly, as regards the sewage itself ; secondly, the necessity for 
purifying or otherwise dealing with it ; and thirdly, the means to be 
employed in effecting the last-named object. 

With regard to the first question ; what is sewage ] We may 
say that it is the fouled water supply of a community. Now that 
the importance of providing absolutely pure water for consumption 
by human l)eings is fully appreciated, we find the community pro- 
tecting its water supply by every available means. It is, if possible, 
collected on drainage areas free from centres of pollution ; it is 
carefully conserved for use as required ; it is conveyed into our 
habitations in strong iron and lead pipes, and in every way protected 
from contamination. Having served its high purpose, it is, however, 
immediately on being used, degraded and rendered filthy and 
offensive. The sewer, indeed, is the very antithesis of the water- 
main. 
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Sewage is a very complex liquid ; a large proportion of its most 
offensive matters is, of course, human excrement, discharged from 
water-closets and privies, and also unne thrown down sinks and 
gully-holes ; but, mixed with this, there is the dirty water from the 
kitchens, containing vegetable, animal, and other refuse, and that 
from wash-houses, containing soap and the animal matters from 
soiled linen. There is also the drainage from stables and cow-houses, 
and that from slaughter-houses, containing animal and vegetable 
offal. In cases where privies and cesspools are used instead of 
water-closets, and these do not discharge into the sewers, there is still 
in sewage a large proportion of human refuse in the form of chamber- 
slops and urine. In fact, sewage cannot be looked upon as composed 
solely of human excrement diluted with water, but as water polluted 
with a great variety of matters, some held in suspension, some in 
sohition, but both present in such a condition as to render it 
impossible, in the present state of our knowledge, practically to 
cleanse and purify sewage so thoroughly as to make it safe for 
drinking, even when largely diluted with unpolluted water. 

Another class of sewage includes all kinds of "manufacturing 
refuse." In the towns of manufacturing districts, a considerable 
proportion of this waste is passed into the sewers,* as being the 
readiest way of getting rid of it, and then it merely adds other 
ingredients to the dirty mixture flowing down these channels ; but 
where the works are situated on or near a stream, and the water 
made use of in the process of manufacture is afterwards transferred 
directly to the river, polluted by admixture with the special matters 
made use of in the different industrial processes, such refuse-matters 
can be treated separately as manufacturing i>ollution. They may be 
classified generally under the following heads : — 

Pollution by dye-works, print-works, and bleach-works. 

„ chemical works. 

„ tanneries. 

„ paper-making. 

„ woollen works. 

„ silk works. 

Then another class of pollution is the drainage from street 
surfaces, which in towns with considerable vehicular traffic may be 



* Clauses 16 ami 17 of the Public Health Acts Aiiieudnient Act, 18tK), 
prohibit jiersons from turning chemical refuse or hot liquids (over 1 10" 
Fahrenheit) into sewers. 
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as impure as sewage (Way). Then there is the liquid remaining 
after rain in the street gullies, which in dry weather rapidly putrifies 
and hecomes most offensive. This foul liquid is displaced on the 
advene of the first shower of rain, and may materially assist in 
poUuting small water courses. 

The Rivers Pollution Commissioners made a large number of 
analyses of sewage, the results being given in the subjoined table : — 

TABLE I. — AvKRAGE Composition of Sewagk. 



In Parts Per 100,000. 





Total 








Total 




Suspended Malters. 


DoK-ription. 


Solid 

Mattera 

iu S«'lii- 

iion. 


Carbon. 


Or«ra«iic 

Nitro- 

Ifeii. 

1 975 


Ainnio- 
nia. 


Coui- 

hiiied 

Nitro- 

{jen. 


Chlo- 
rine. 


Mineral. 


Organic Total. 


Midden Towns 


82-4 


4-181 


5-435 


6-451 


11 54 


17-81 


21-30 


39-11 


Water-closet 




















Towns 


72 -2 


4 69t) 


2 205 


6 703 


7-728 


10 06 


24-18 


20-51 44-69 



In Grains Per Gallon. 



Midden Towns 57 68 2-926 1382 



3-804 4-515 8-078 



IT Htei*~closet 
Towns 50-54 3-287 1-543 14-692 5410 7-402 



12-467 14-910 



16-9-26 



27-377 



14-357 31-283 



During the past few years filter presses have been much em})loyed 
iu dealing with the solid matters separated from sewage, and it has 
been possible to ascertain, within close limits, the quantity of solid 
matters present in sewage ; as a general result, it may be said that 
when sewage is clarified by means of chemicals, the dry solids will 
amount to four tons per million gallons, or to 62 grains per gallon, 
a certain proportion of which will l)e due to the precipitant used. 
Of course, normal sewage is indicated, not sewage diluted with large 
volumes of subsoil or other water, nor on the other hand abnormally 
concenti-ated sewage, due to a limited water supply. We may say 
that the sewage referred to is that due to a water supply of about 
35 gallons per head per diem. There is one other point in connection 
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with sewage to which we may briefly refer, and that is its manurial 
value. According to a well-known authority — Dr. Tidy — London 
sewage contains in each million gallons |ton of nitrogen, 4 ton of 
phosphoric acid, and y'^ton of potash. We know from a study of 
the sewage question, that these numbers possess an extraordinary 
fascination, not only for the scientist interested in agricultural 
problems, but also for a great number of company promoters, some 
of whom find more wealth in a too confiding public than in the dirty 
water called sewage. As in the case of a poor auriferous quartz, it 
may cost more to extract the metal than can be got for it, so with 
sewage, and it is a fact that in this country the cases are few and far 
between where there can be any hope of profitably reclaiming its 
manurial constituents when burdened with a mass of water, as is 
nearly always the case. 

We have seen what are the principal constituents of sewage froni 
the chemist's point of view, but there is one other feature, a brief 
consideration of which must not be omitted. Of recent years, an 
increasing amount of attention has been given to the science of 
bacteriology, and it has been demonstrated that ordinary sewage 
contains something like five millions of micro-organisms and their 
spores in each cubic centimetre. What are the functions of this 
vast army of minute organisms ? The question is but imperfectly 
understood, but it is certain that the phenomena of fermentation 
and putrefaction are intimately connected with it. One incident 
bearing upon this side of the question which came under the author's 
notice may be recorded. In a law suit, which was occasioned by 
the fouling of a stream by partly purified sewage, an eminent 
chemist gave evidence to the efi'ect that the effluent which was said 
to pollute the river was, on account of its impeifect treatment at 
the sewage works, simply a weak sewage, exactly like the sewage 
obtained from a sewer near, in which much subsoil water was mixed 
with the sewage proper. So far as the analyses went, he was right, 
but yet there was a most important difference. A bottle of each 
was taken by the author and kept side by side, with the result that 
the weak sewage became more and more off*ensive, whilst the 
effluent water rapidly lost its faint odour, and developed a green 
vegetable growth. There can be no doubt that these changes were 
brought about by minute organisms, the presence of which chemistry 
failed to detect. There can be but one conclusion as regards this 
part of the question, and it is that we cannot hope to solve the 
problem of sewage treatment solely from the chemist's standpoint. 
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With regard to the necessity for dealing with sewage, we have 
seen that in order to provide himself with water, man has resorted 
to the rivers and streams, he has constructed suitable works, and 
has abstracted so much of the water as his wants demand ; but 
when the water is returned to the river near the town or city in 
which he dwells, it is degraded and filthy, and even dangerous if 
used for domestic purposes. When sewers were first constructed, 
their point of discharge was the nearest stream ; if the volume of 
the stream was small compared with that of the sewage poured into 
it, the result was the conversion of the stream into an open sewer. 

In some of the large midland towns, situated near the heads of 
the watersheds, these conditions obtain to the present day, and 
many of the streams are simply rivers of sewage. London itself has 
Buffered by the pouring into its river, right in the heart of the 
metropolis, the liquid, and in some degree solid, refuse of genera- 
tions. No doubt the liquid impurities are not of a cumulative 
character, the river water constantly coming clown, and the sea 
water mingling with it, contain the means of purifying that portion 
of the polluting matters which are in solution ; but during the past 
100 years, millions of tons of solid matters have been discharged 
into the river, forming mudbanks, which will not be removed by 
natural agencies for generations to come. 

When a river is rendered filthy and offensive by sewage discharges, 
the health of the community must suffer, to say nothing of the loss to 
manufacturers by reason of the water passing their mills and factories 
being rendered unfit for use in the various industrial processes in 
which they are engaged. In this country, where the population 
is large relatively to the streams and rivers, the evil effects of river 
pollution are, unfortunately, too well known to need further refer- 
ence. We may at once, therefore, proceed to a brief discussion of 
the methods by the employment of which filthy sewage may be 
changed into a comparatively harmless liquid, not, however, such a 
liquid as may be used for domestic purposes. We shall first con- 
sider the question from the engineer's point of view, and endeavour 
to ascertain the conditions under which it is discharged at the 
works. From the habits of the people, we know that the flow 
throughout the whole 24 hours must be very variable in quantity. 
In the early morning, for instance, the sewage flow reaches its 
minimum, and consists of little besides leakage from the subsoil 
and from faulty fittings in connection with the domestic water 
supply. 
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The author has made a series of observations on the London and 
the Wimbledon sewers in order to ascertain the real fluctuation. 
These have been placed in a tabular form as given below : — 



TABLE IL— Periodicity of Flow of Sewagk 



Town. 



Averages 



Maximum Percentaj^es Dischai'ged. 



7 a.m. Durir.^f Durinji^ 
to 7 p.m. b HourH. 6 Hours. 



Aylesbury 
Leicester 
London . . . 
Providence 
Wimbledon 



56 
60 
68 
61 
66 



42 '2 
42-8 
49 
42 
48-2 



02-2 44 8 



31-4 
31-3 
37-0 
;J3 
39-5 



During 
1 Hour. 



O-90 
5-70 
6-64 
5-63 
7-40 



34-44 6"2.) 



RXCPS8 of 

Maximum 
ov-r Mean 
Discharge 
Per Cent. 



42 
37 

60 






'8 



50 4 



Gallons 

Per 

Head Per 

Dav. 



60 
42 
36 



2[) 



It should be mentioned that the experiments at Wimbledon were 
made in an outfall sewer quite close to the town, and that as the 
minimum velocity allowable in a good outfall is about li miles to 
two miles per hour, the respective maximum and minimum periods 
of flow will be reached at a later time dependent on the distance of the 
sewage disposal works from the town. Thus, although at Wimbledon 
the maximum discharge is reached at about 11 a.m., in the case of 
the Barking (London) outfall works the maximum is not reached 
until some four or five hours later. This is a matter of some impor- 
tance, not only as regards the tank treatment and arrangements for 
dealing with the sewage, but also from the chemist's point of view, 
since isolated samples of sewage taken for analysis may be excep- 
tionally misleading unless these facts are taken into consideration. 
In the case of sewage disposal works somewhat remote from the 
town contributing to them, the sewage during the early part of the 
forenoon consists for the greater part of leakage, and samples to be 
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of anv value should be taken for 24 hours consecutively, and the 
amount of each sample should bear an exact ratio to the sewage flow. 

As bearing upon the construction of settling tanks, it may be 
mentioned that taking the average of the London and Wimbledon 
gaugings, 40 per cent, of the sewage is discharged during six hours 
of maximum flow, and 50 per cent, during eight hours ; the greatest 
hourly maximum amounting to 7*4 per cent. Further reference to 
these numbers will be made at a later period. 

There is, however, one difficulty connected with sewage disposal 
which is very much greater than that of providing for these hourly 
fl actuations in the flow of the sewage [)roper, and that is the 
variable quantities of rain-water that have to be dealt with. Certain 
assumptions have been made by some writere with regard to the 
proportion of each fall of rain that will be yielded to the sewers. 
In the opinion of the author, the subject is one of extreme difficulty, 
and it is impossible to formulate a rule that shall be any approxima- 
tion to the real facts of the case. 

At Wimbledon the separate system has been carried out, so far as 
the water from the roads and the front part of the roofs is con- 
cerned, but notwithstanding this, the volume of rain-water yielded 
to the sewers under certain conditions is exceedingly large. The 
following instances extracted from the pumping returns of the last 
two years may be quoted : — 

The total volume of sewage was doubled by a fall of '15 inches of 
rain, whilst on another occasion -66 inches of rain only gave a like 
result. On other occasions -41 of rain increased the volume 1\ 
times, whilst '64 produced the same result. The volume was 
increased three times by falls of -17 and -71 ; four times by falls of 
•16 and '69 ; falls of '17 and '65 gave an increase of five volumes ; 
•62 and '75, seven volumes ; -69, eight volumes ; -92, nine volumes ; 
and 2-62 only gave the same increase. The explanation of these 
widely different results may be found in the condition of the sur- 
faces draining to the sewers, and in the rate at which the rain falls. 
In very wet weather, when all these surfaces are saturated, we find 
very small falls of rain produce the same effect as large falls when 
the conditions are of the opposite nature. If we leave volumes for 
a moment, and turn to increases in the rate of flow, we find that 19 
of an inch increased the flow ^y^ times ; '21, four times ; -23, five 
times; '24, five times; -29, eight times; -67, 10 times; and '92, 
12^ times. In this latter case the maximum rate of flood discharge 
was reached in 13 minutes from its commencement. 
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When these figures are attentively studied, it will be conceded 
that when sewage is to be treated, the separation of the rain-water 
from the sewage, to the fullest possible extent, is of the greatest 
importance. Whether it should be first allowed to mingle with tlie 
sewage, and then be discharged by means of storm over-Hows, taking 
with it, of course, a proportion of the sewage, or whether it should 
be intercepted from the sewers altogether, is a question which the 
author cannot hope to settle. The conditions in thickly populated 
urban districts, and in thinly populated rural districts, ai*e widely 
different ; but we may look, perhaj)s, for a solution of the difficulty 
in the direction of absolute separation in the case of the rural dis- 
tricts, and entire inclusion in the case of the urban districts, since 
it is well known that in these latter districts the excretions of 
animals upon the roadw^ays are the cause of serious pollution of the 
rain-water falling upon their surfaces, more particularly in dry 
weather, when such surfaces are but rarely efficiently washed. 

If we examine for a moment into the provision made in outfall 
sewers for the sewage proper, we find that as a general rule it is 
assumed that one-half of the sewage will be discharged in six hours. 
As a matter of fact, one hour or less should be the unit for the con- 
struction of such data, and taking the figures obtained by the 
author in liOn<lon and at Wimbledon, Ave find that 7i per cent, may 
be discharged in one hour.* If we Utke the sewage discharge at five 
cubic feet per head per day, the maximum rate of discharge per 
thousand persons will be 6*2 cubic feet per minute. 

From an examination of the evidence relating to the Metropolitan 
Main Drainage Works, we find that the provision originally made 
was at the rate of 13 cubic feet per minute per thousand ; whilst in 
the case of the schemes prepared for the Lower Thames Valley 
Main Drainage Board the allowance was 10 cubic feet per minute per 
thousand, but in the latter case the separation of the rain-water was 
to be carried out as fully as possible. As we have seen in the V)rief 
examination of the rain-fall and its effect on the sewage flow, com- 
paratively small falls -such as I and | of an inch — w^ill, under 
certain comlitions, cause the flow to be increased five times. It is 
quite clear, therefore, that the provision originally made in the 
Metropolitan sewers was insufficient, and that the storm overflows 
have been brought into operation much more frequently than was 



* Recent experiments in the large London outfalls sliow that seven per cent, 
is discharged per hour during the period of maximum flow. 



originally contemplated, and there has been abundant justification 
for the cemparatively recent enormous addition to the main drainage 
system* 

Having pointed out some of the difficulties that have to be con- 
tended with in dealing with sewage, we may now proceed to a short 
consideration of modern appliances in connection with sewage 
treatment. 

The first of these appliances to be considered is the settling tank, 
which, in the minds of many people, seems to |x)ssess the mysterious 
property of purifying sewage, in addition to clarifying it ; there is, 
however, a wide difference between these two terms, which difference 
cannot be too strongly insisted upon. 

It is an undoubted fact that great improvements have been made 
in the construction of settling tanks. The earlier ones were, as a 
rule, constructed with flat bottoms, and the arrangements for draw- 
ing off the clarified water were of a very defective character, the 
outlets being frequently placed near the bottom of the tanks. 
Settling tanks should not only serve the purpose of clarifying the 
sewage, but they should be so constructed that the settled sludge 
may be removed with a minimum of labour. This object may be 
accomplished by constructing the tanks with segmental bottoms in 
cross section, and with a longitudinal fall towards the inlet of 
al)out I in 100. At the outlet end a fioating-arra- valve should be 
provided for the purpose of drawing off the clarified water down to 
the level of the sludge, without disturbing the latter. The sludge 
should of course be swept into a reservoir near the inlet end, and 
dealt with in any suitable manner. If it is intended to filter-press 
the sludge, large gratings with a mesh of about three-quarters of an 
inch should be provided in the tanks, in order to intercept all large 
substances. 

Although the lines upon which settling tanks should be designed 
have been indicated, the question of capacity is a most important 
one, and one with regard to which there is much difference of 
opinion. It is generally admitted that with an efficient chemical 
process a period of two hours should be allowed for the subsidence 
of the suspended matters ; and in those cases where the outfall 
sewers discharge their contents directly into the tanks by gravita- 
tion, it is clear that the tank must be of sufficient capacity to contain 
two hours' sewage flow during the period of maximum discharge, 
and this quantity will amount to nearly 15 per cent, of the day's 
flow. Provision must also be made for those moderate falls of rain 
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which occur so frequently in this countr}', and with reganl to this 
provision no absolute rule can be laid down, since sewage effluents 
may be of varying degrees of purit}' according to local circumstances. 
If, however, we assume that it is necessary to fully treat all sewage 
diluted with two volumes of rain-water and under, it will be 
necessary to constnict tanks with a ca|)acity equal to 45 j)er cent, 
of the day's flow. The following examples of tank accommodation 
may be quoted : — Coventry, 42 per cent. ; Birmingham, 56 per 
cent. ; Burnley, 56 per cent, ; Leicester, 40 per cent. ; Wimbledon, 
85 {3er cent. In the case of Wimbledon the works have been 
designed to allow for a large increa.se in the jjopulation. 

In the pai)er by Dr. Percy Frankland, recently read at the 
Congress of the Sanitary Institute at Worcester, three towns are 
refeiTed to, in the case of one of which the tank capacity is only 
25 per cent, of the day's flow, and in the other two rather less than 
20 per cent. In the case of the two last mentioned towns, the eflluent 
from the tiinks is flrst passed downwards through a small coke filter, 
two feet in thickness, and then upwards through a similar layer, the 
coke being changed at intervals of about three months. These 
tanks are worked on the intermittent system, with regaixl to which 
the following statement by Dr. Frankland is of interest : — 

" The analysci given below show that this complicated system of 
intermittent precipitation yielded results very similar, but by no 
means superior, to those obtained l)y the simpler method of con- 
tinuous precipitation, o o o o o Moreover, the process of 
filtration through coke, as carried out at these works, appears to 
deteriorate rather than improve the character of the effluent." 

This is a conclusion in perfect accordance with what might have 
been anticipated where sewage effluent is pai^sed tlirough an exceed- 
ingly small filter which may contain a large quantity of the foulest 
suspended matter found in sewage. With regard to the question of 
intermittent treatment versub continuous flow, the author decidedly 
prefei-s the latter, since the constant!}^ varying character of the 
sewage tends to become equalised in passing through the tanks 
wlien these are on the continuous system. 

Although the foregoing remarks apply to the settling tank as 
usually constructed in this country, an exceedingly useful form of 
tank has recently been designed by Herr Kuiebiihler, engineer for 
the sewage works of Dortmund. These tanks are certainly con- 
structed on better lines than * are the English tanks. They are 
circular on plan, and are of considerable depth, the bottoms being in 
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the bhape of an inverted cone. A large cylinder is fixed vertically 
in the middle of each tank. The sewage — after passing through 
roughing tanks in which the sand and other heavy matters subside — 
is treated with lime and sulphate of alumina, and is then discharged 
into the central cylinder, down which it passes nearly to the bottom 
of the tank, and it is then distributed in a horizontal direction by 
means of specially constructed arms. The heavier solids fall to the 
bottom, while the lighter are cairied iipwards for some distance, 
where they remain suspended in the water, forming a filtering 
medium. These particles then aggregate together, and by reason of 
their then greater specific gravity, fall to the bottom, whilst the 
clarified efijuent overflows into a network of channels placed near 
the top of the tank. Perhaps the most interesting feature in con- 
nection with these tanks is the facility with which the sludge can be 
removed, even while the tanks are full of water. Passing down the 
central cylinder, and reaching nearly to the bottom of the tank, is a 
pipe six inches in diameter, connected with a large iron reservoir, 
from which the air is exhausted by means of an air pump. The 
sludge then rises until the reser\'oir is nearly full, when by a suit- 
able arrangement of valves its contents are discharged into sludge 
drying beds. 

At fissen tanks on a somewhat similar principle have been con- 
structed, but the tanks, instead of being deep like those at 
Dortmund, are shallow, and a large iron vessel like a gasholder is 
placed in each of them. The air is withdrawn from the cylinder by 
means of an air pump, and the sewage then rises to the height of 
the syphon outlet, and so long as a partial vacuum is maintained, a 
constant flow is secured. This system is known as the Kockner- 
Kothe. 

In the opinion of the author these two systems are worthy the 
attention of all having to design or superintend sewage disposal 
works, as by their use sewage can be chemically treated quite near 
towns, in consequence of the compactness of the works and the 
small area of ground required. In very inclement countries, and 
those in which extremes of temperature are experienced, the tanks 
may be roofed in at a very small cost 

Having designed suitable tanks, we may next examine some of 
the chemical processes as in actual use. 

The purification of sewage by means of one or more reagents has 
occupied the attention of chemists since the commencement of the 
present century, indeed, the first patent in connection with this 
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matter was taken out in the year 1762 by Deboissieu, since which 
date about 450 patents have been obtained, an enumeration of 
which cannot be entered upon to-night. 

It will be conceded that the solution of the '* sewage problem," as 
far as the employment of chemicals is concerned, is now placed upon 
a satisfactory basis, since the vast number of failures or negative 
results which have been obtained in the use of chemicals, have 
served to reduce the question to one of comparative simplicity. 

The exact position may be briefly recapitulated in the words of 
Dr. Dupr6, F.R.S : — "As regards processes of precipitation, I will 
merely remark that inasmuch as no proportion of chemicals which 
can practically be employed will do much more than. clarify the 
sewage, the proportion of chemicals employed should be kept as low 
as is consistent with the object to be attained, namely, clarification, 
and that more particularly the use of large quantities of lime should 
be avoided." 

Of all the agents used in the clarification of sewage, lime is the 
most universal, probably because it is cheap and most certainly 
effective. The lime should be first thoroughly slaked, and then 
applied in the form of milk of lime, i.e., mixed with about 10 times 
its weight of water, or, better still, if the circumstances will admit, 
in the form of lime-water, each gallon of which will contain about 
80 grains, or about five tons of lime in each million gallons. The 
usual dose of lime, when applied as milk of lime, is one ton to each 
million gallons, or 15*68 grains per gallon, but the tendency is to 
reduce the quantity of lime to the smallest effective amount, since an 
alkaline effluent mixing with organic matters, such as abound in the 
muds of many rivers, is liable to enter into putrefaction of a most 
offensive nature. Indeed, an excess of lime in an effluent may 
cause it to act as a precipitant of the suspended organic matters 
present in the river water, thus producing deposits which in hot 
weather may become exceedingly offensive. 

Lime is often used in smaller doses in conjunction with other 
chemicals, notably sulphate of alumina and proto-sulphate of 
iron. 

Lime and sulphate of alumina is now used at a great number of 
sewage works, the doses being eight grains and six grains respec- 
tively of each, per gallon of sewage. 

London sewage is treated with about four grains of lime (in 
solution) and 1 ^ grains of proto-sulphate of iron per gallon, and it 
is found that this dose is sufficient for clarification. In the summer 
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the efflacnt is further treated with permanganate of potash, the dose 
heing about 1^ grains per gallon. 

Lime in large quantities, about three tons to the million gallons, 
is used in the " Amines " process, with a small quantity of herring 
brine. Sterilisation of the effluent is the principal object sought to 
be attained, and Dr. Klein has reported favourably upon the process 
in that respect. Clarification is very rapid and complete, and 
deodorisation is effectively performed. The effluent is highly 
alkaline, but when applied to crops at Wimbledon did not 
apparently injuriously affect them. The amount of sludge pro- 
duced is larger than when small doses of lime are used, but the 
sludge does not become putrid, and may be disposed of by exposure 
to the atmosphere in the first instance, when it quickly parts with a 
great deal of its moisture, and may then be carted or otherwise dealt 
with. 

Among processes in which lime is not used may be mentioned the 
'* A.B.C." and the " International." In the first of these, alum, 
clay, and charcoal are extensively used ; clarification and deodorisa- 
tion are both very complete, and a sludge of high manurial value is 
said to be produced. 

Treatment by the " International " process involves the use of 
small filters of polarite after the sewage has been treated in tanks 
with ferrozone. 

It may be said generally of these chemical processes, that all are 
successful in clarifying, and to more or less extent of deodorising 
and purifying sewage. 

The cost of treating the sewage, when calculated at a rate per 
million gallons, varies with the chemicals used and their amounts. 
As an example, the lime and sulphate of alumina process may be 
quoted : — 

8. d. 
Lime, ^-ton per million, at 20s. ... ... ... 10 

Sulphate of alumina ^-ton |)er million, at 60s. ... 20 

Labour, say. ... ... 5 



Total 35 

At Kingston-on-Thames, the A. B.C. Company are paid threepence 

ill the pound on the rateable value of the town, the company doing 

all the work connected with the treatment of the sewage. 

Closely connected with the question of chemical processes is that 

K 2 
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of the disposal of the sludge. The author has already fully dealt 
with this question in a paper read before the Institution of Civil 
Engineers, and in his work, Sewage Disposal IVorks^ and the briefest 
reference only will now be made to it. 

Whether slu<lge should be filter-pressed, as is now done at a large 
number of sewage works, or whether it should be dug into the land 
as at Birmingham, or taken to the sea as in the case of the 
Metropolis, is a matter which must be determined by the local con- 
ditions in each case. 

The following facts with regard to the quantities of sludge pro- 
duced at Wimbledon may be of interest. During the year 1888, 
365 million gallons of sewage were treated; one-fourth of this volume 
was due to rain-water and subsoil leakage, and the remaining three- 
fourths was sewage proper ; the total flow averaged 40 gallons per 
head per day for the year. Three thousand and fifty tons of sludge 
cake were produced, or 8*2 tons of cake per million gallons; and if the 
process of drying were carried further, and the whole of the water 
were got rid of, the dried solids would amount to four tons per million, 
gallons as nearly as possible, or 62 grains per gallon. Lime and 
carbon were used during the year in the treatment of the sewage,, 
the total quantity so used for both precipitation purposes and sludge 
pressing amounting to 12 grains per gallon on an average ; five 
grains of suljihate of alumina were also used per gallon. Thus we 
find that the dry solids originally in the sewage were increased by 
one- third. The author has obtained particulars from other towns 
where filter-presses are employed, and the average quantity of cake 
produced amounts to 9*28 tons per million gallons. The apparent 
discrepancy is no doubt due to the fact that in some cases the sludge 
is calculated upon the dry weather flow, and in others ujx>n the 
average ; at Wimbledon, for instance, the sludge cake would amount 
to 11 tons per million gallons if calculated on the dry weather flow. 

When it is necessary to purify sewage as well as clarify it, the 
tank treatment must be carried a stage further, and the eflluent 
must be passed through filters, or over and through land. Concen^ 
trated filtration on small filters has lately been adopted with much 
success at Acton, Friern Bamct, and elsewhere. At Acton the 
principle purifying material of which the filter is composed is known 
as polarite. The author has experimented with a small filter of this 
material, and he is able to speak highly of the results obtained. The 
company constructing these filters state that 1,000 gallons of sewage 
may be purified on each square yard per day. It must, however, be 
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pointed out that where concentrated filtration is adopted, clarifica< 
tion must be carrie<l to the fullest practicable extent, otherwise the 
8U8i)ended matters remaining in the tank effluent will very rapidly 
clog the surface layer, the expense of removing and renewing which 
is rather high, probably not less than lOs. per square yard per 
annum. At Fnern Barnet the tank effluent is disposed of upon 
four small filters, each one-third of an acre in extent, composed 
of burnt ballast, coke breeze, and earth, and very good results are 
obtained. The filters are used intermittently, and on one being 
dried off the surface material is merely harrowed over. The sewage 
of 8,000 persons is dealt with at these works, lime and alum being 
the chemicals employed in the tank treatment. 

A more usual way of effecting the purification of sewage is by 
applying it to land. In some cases, as at Beddington, Norwood, 
Bedford, and elsewhere, sewage is applied to land in its cnide condi- 
tion, being subjected to a rough screening only. Although this plan 
may not be productive of a nuisance when the works are remote from 
houses, the author is of opinion that upon hygienic grounds sewage 
should be clarified before being applied to land. An enormous 
quantity of filth is brought to the sewage works on the occurrence 
of a heavy fall of rain after a long period of drought, and in those 
cases where clarification is not attempted, a great mass of solids may 
be seen covering the suHace and coating the crops for some distance 
from the large carriers ; and it is these occurrences which have 
brought some sewage farms into well deserved disrepute. 

At Wimbledon clarification is effected in two ways. The sewage 
from abouc 22,000 persons is clarified by means of tanks and 
chemicals, whilst that from the high level sewer, which conveys the 
sewage of about 3,000 persons, is merely filtered upwards through 
burnt ballast, which is placed in specially designed small filtering 
tanks ; and so effective are these filters, that although all the strained 
sewage is often applied to one small field of two acres, except when it 
is being dried off and the crop is being removed, it woidd be difficult 
to find upon the surface of this field any of the suspended matters 
found in sewage, and in the hottest weather it is difficult to perceive 
an}' odour. 

We occasionally hear that a nuisance exists at such-and-such a 
sewage farm, and straightway anti-irrigationists exclaim that sewage 
farming must necessarily always be attended with noxious results. 
In the opinion of the author, ill effects are due either to the absence 
of tanks, to bad management, or to the careless and improper 
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manner in which the land has been laid out, and it may be remarked 
that badly managed sewage works of all descriptions are bound to 
be offensive. It would undoubtedly have been better for a great 
many sewage farms on heavy clay soils, if the experiments by Dr. 
Frankland on intermittent filtration had never been heard of. In 
numberless cases these clay soils have been deeply under-drained, as 
though such drainage would convert imper\dous clay into a porous 
filter; the result has always been disastrous. Undrained clay cracks 
badly enough in dry weather, and drained clay dries more rapidly and 
cracks far more, thus giving the sewage direct access to the drains, 
from which it emerges in an un purified condition. The result has 
often been that where clay lands have been under-drained, they have 
been rendered absolutely useless for the purification and cleansing of 
the sewage in dry weather. 

The proper treatment of such land is to pay the utmost attention 
to the surface to ensure that there shall be no hollows or low places 
in which the sewage can lodge and become stagnant. ELach time the 
land is broken up it should be deeply ploughed, and, if necessary, 
subsoiled, so that the topmost layer for a depth of about 18 inches 
shall always be in a more or less porous condition. In this way we 
get lateral filtration and the maximum punfying power out of the 
soil, and also provide a suitable home for the nitrifying organisms 
which we now know are the great scavengers of the sewage farm. 
When clay soils are so treated, and the sewage is first clarified — if 
only by means of filters as at the Wimbledon high-level works — the 
author has no hesitation in saying that the sewage of 250 persons 
may be effectively cleansed on each acre. 

In the case of gravelly and other porous soils, a different course of 
treatment may be adopted, and the purifying effect of these soils 
may be increased to a very large degree by judicious under-draining. 
It is generally accepted that the sewage of 1,000 persons may be 
treated on each acre of land of this character. 

The value of the crops grown upon a sewage farm will of course 
depend upon the laws of supply and demand. Near large towns, 
small areas of land are usually employed because of the high price of 
the land, and as the volume of sewage applied per acre is then large, 
oziers, rye grass, and roots must be grown, with such other crops as 
may be dosed with latge volumes of sewage. As an example of 
prices obtainable for the produce of a sewage farm, that of Wimble- 
don may be cited. The farm is highly cultivated, is near the finest 
market in the country, is supplied with sewage to any required 
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extent, whilst the soil is of' varying kinds, and well suited to the 
production of heavy crops. The result from the financial point of 
view may he thus summarised : — Total working expenses, £9 per 
acre ; total receipts, XI 3 per acre ; hut as the land cost upwards of 
£300 per acre, the result is a loss to the ratepayers. From the 
sanitary point of view, the farm is eminently successful, and it 
would be difficult to find a sewage effluent anywhere which is as 
consistently good. 

In concluding this brief survey of the sewage question, the author 
would remark that the disposal of sewage is no longer the trouble- 
some problem of past years. The principles are now so well under- 
stood that in order to ensure success, all that is necessary is, first, to 
make a comprehensive survey of every situation in connection with 
each particular case, and then to apply the most suitable remedy, 
finally remembering that good management must be insisted upon 
as a vital element of success. 






PAPER IV. 



ROAD MAKING. 



By H. Percy Boulnois, M.Inst. C.E. 



The subject upon which I have the honour to address you this 
evening is " Road Making," a branch of civil engineering which, to 
some people, may appear somewhat simple, owing, no doubt, to the 
fact that roads come constantly under their notice, and from this 
familiarity contempt as to how they are made perhaps follows. 

Comprised under the head of roadways have sometimes been 
included tram lines, railways, and even canals, but the subject of my 
lecture will be devoted exclusively to the particulars of making roads 
for ordinary wheeled traffic only, and I think you will find that the 
subject is not altogether simple, and that some skill and experience 
are necessary in order to be successful in this branch of engineering. 

I have not been able to divide my lectures into two equal parts, 
80 I propose to go on this evening until the time allotted to me has 
expired, and I will then finish to-morrow evening. 

First, then, let me call your attention to the following diagram or 
genealogical tree (which I will proceed to explain), showing the 
various ramifications of modern road construction : — 
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The condition of the roads and streets of a community is the 
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principal sign of its prosperity or otherwise. However wealthy a 
country may be in mineral or agricultural resources, such wealth 
is of little avail without proper means of intercommunication and 
transport. 

Whenever a new country has been conquered, one of the first acts 
of the conquerors has been to form new roads, generally with a view 
to the transport of the necessary machines of war, ammunition, 
baggage, and provisions ; and although these lines of road may not 
have been the best for the commerce or intercommunication of the 
people, yet if they were properly constructed in the first place, they 
have afterwards remained as a nucleus from which other roads 
sprang to help forvA'^ard the commercial prosperity of the country. 

The lioman Empire was an example of this policy, for we find in 
every country that they conquered traces of their roads, some of them 
existing at the present time in a sufficient state of preservation to 
show the skill and enterprise of this great nation. 

The methods which the Romans adopted in making these roads is 
described in Dr. Smith's Didwnary of Anivjnities, and from this 
description it appears that their roads were a process of evolution. 
First came the "Via Terrena," a mere track worn by the feet of men 
and beasts, and possibly by wheeled carnages ; then the *' Via 
Glareata," where the surface was hardened with gravel ; and although 
pavements were introduced shortly afterwards, the blocks were 
allowed to rest merely on a bed of small stones. Eventually, the 
roads seem to have been constructed on the following principles. 

The "Via Appia," the great south road, was the first ever laid 
dovn upon scientific principles. It cut through hills and masses of 
solid rock, filled up hollows, bridged over ravines and rivers, and 
passed over swamps, which demonstrated the vast expense and pro- 
digious labour that must have been lavished in its construction. Its 
details may be described as follows. 

Two shallow trenches (sulci) were dug parallel to each other, 
marking the breadth of the road (about 15 feet). The loose earth 
between the sulci was then removed down to a solid foun<lation or 
"gremium." On this was laid the "statumen," consisting of stone 
not smaller than the hand coidd just grasp. Above the " statumen " 
was the " rudus," a mass of broken stones cemented together with 
lime, rammed down hard, and about nine inches in thickness. Above 
the rudus came the " nucleus," composed of fragments of bricks and 
pottery (smaller than the pieces composing the rudus), cemented 
together with lime, and about six inches in thickness. On the top 
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was the " pavimentum," composed of large polygonal blocks of the 
hardest procurable stone, fitted and jointed closely together in the 
form of a mosaic. 

Such were the Roman roads, and they must have been more costly 
of construction than some of our best stone-paved streets of to-day. 

With this short introduction, I will now turn to the more prosaic 
and practical portions of my lecture, viz., the design and constiniction 
of modern roads. 

When it has been decided that it is necessary to form a road in 
any district, the selection of the route is the first consideration to 
which attention is directed. In order to secure the best, and, at the 
same time, the most economical line, it is necessary to carefully study 
the map of the district ; or if no map exists, to at once set about 
making the necessary surveys. 

With the map, and an aneroid barometer if the country is hilly, 
the engineer may then proceed to " prospect " for the new road, and 
having determined upon the best line, taking care to avoid physical 
obstructions as much as is compatible with undue length of road, 
he then roughly stakes out the proposed line of road, and carefully 
levels and plots the longitudinal section of the road, taking such 
cross sections along the route as he may deem desirable. 

I will not enter into any detail with regard to these preliminaries, 
as no doubt you are all fully acquainted with the branches of 
surveying and levelling which are necessary for these oi>erations; 
but, before proceeding to describe the actual processes of good road- 
making, the following hints to guide you in the selection of the best 
line for a new road will, I venture to think, be useful to you. 

Gnulients. — Although the Romans made their roads almost in 
straight lines from point to point, and thus showed their daring skill 
in the construction of bridges, cuttings, emiyankments, and retaining 
walls, it was an extravagant way of proceeding which would not be 
tolerated in the present day, and in some cases made their roads 
almost prohibitive for wheel traffic. 

It is necessary in modern practice to decide what should be the 
steepest permissible gradient, and in connection with this it has been 
found by experiment that a man can walk up a slope of I in 1*2, a 
horse or mule up 1 in 1*75, but that when a load has to be pulled 
up the force of gravity comes into play, and consequently gradient 
becomes an important factor when dealing with the "duty " that can 
Ije got out of power. Hence a horse pulling its maximum load on a 
level can only pull four-fifths of that load on a gradient of 1 in 50, 
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and only one-fourth of it on a gradient of 1 in 10; so that it is 
evident that the saving in horse-flesh is considerable when the 
gradient of a road can be reduced. 

The following table shows some of the effects of gradients upon 
forces pulling loads. 



Table Showing Effect of Gradient. 



On a level road a horse can draw ... 
rise of 1 in 100 a horse can draw 
1 in 50 
1 in 40 
1 in 30 
1 in 26 
1 in 20 
1 in 10 
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100. 
90. 
bl. 
72. 
64. 
54. 
40. 
25. 



To some extent gradients are guided by the character of the 
country through which a road passes ; for instance, on the Simplon 
Pass in Italy, there are gradients of 1 in 17 and 1 in 13, whilst in 
some parts of the United States of America gradients of 1 in 1 1 are 
allowed by law; but if the country is carefully contoured before 
setting out a new road, steep gradients may be materially reduced, 
remembering that a vertical rise is equivalent to an increase in the 
length of the road proportional to the angle of inclination. 

Experiments made by Sir John McNeill showed that a stage 
-coach weighing three tons, drawn up a slope of 1 in 30 a distance of 
one mile at the rate of six miles per hour, was equivalent to its 
being drawn along a level road a distance of 1*62 miles at the same 
speed. 

In deciding the gradient, however, other considerations must have 
their due weight 

It is necessary, in designing the lines of levels of the proposed 
road upon the sections which have been plotted, to settle certain 
levels where rivers or impedimenta have to be crossed, especially if 
certain fixed head-room has to be provided, and also to bear in mind 
the question of balancing as much as possible the eai-thwork cuttings 
and embankments, so as to avoid long cartage of materials. 

Steep gradients are to be avoided in addition to the question of 
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greater draught, because a road is liable to be seriously washed and 
damaged during heavy rains. It is also subjected to greater wear 
from the horses feet both in ascending and descending, in addition 
to the great damage always caused by the necessity which arises to 
''skid" or brake the wheels of a descending vehicle, besides the 
extra danger to traffic during frost or snow. 

No absolute rules can be laid down with regard to maximum 
gradients to be allowed, but the following information upon this 
point may be of service. 

If a long gradient is unavoidable, let the lower portion be the 
steepest, if possible, and if a few level stretches can be inserted, so 
much the better. 

If the proposed inclination is not steeper than 1 in 33, it will not 
pay to materially increase the length of the road, so as to flatten the 
gradient. 

Technically, the rate of inclination should be guided by the angle 
of repose of any vehicle for the particular material of which the 
surface of the roadway is constructed ; that is to say, if the force 
necessary on a level road to overcome friction is one-thirtieth of the 
load, then the same fraction denotes the angle of repose for that 
surface ; but in practice there are so many disturbing elements to be 
considered, such as friction of the wheels of the vehicle, the power 
applied to retard descent, etc., that such minute investigations into 
ordinary roads for wheeled traffic would be almost useless. 

There are no laws in this country for regulating the gradients of 
roads except when the level of any road has to be altered in making 
a railway, when by the Railway Clauses Consolidation Act, 1 845, a 
turnpike road or any road in Ireland shall not be altered to any 
steeper gradient than 1 in 30 and any other public carriage road to 
1 in 20, unless a report thereon shall be specially made by an officer 
of the Board of Trade. 

The steepest gradient allowed by the Engineers of the Fonts et 
Chauss^ei) in France, is 1 in 20. 

In some of the States of America 1 in 11 is legally allowed. 

The maximum gradients adopted for roads in Central India are as 
follows : — 



1st class roads ... 

2nd 

3rd 

4th 



99 






1 
1 
1 
1 



n 25. 
n 20. 
n20. 
n 18. 



62 

To sum up the question of gradients the following hints may be of 
service — 

(1). Let the gradients of the road be as easy as the configuration 
and obstacles of the country will permit. 

(2). Let the gradients balance as much as possible the embank- 
ments and cuttings of the road. 

(3). Avoid steep gradients over culverts or bridges by raising the 
approaches, but do not lessen the waterway by lowering the crown 
of the arch. 

(4). Where long gradients are unavoidable let the 8tee|>est {mrt, if 
possible, be at the foot. 

(5). Endeavour to avoid any steeper gradients than 1 in 30. 

Alignrtient, — The next point to be considered is the " Alignment " 
or direction of the road. 

Considerable care is necessary in the determination of the best 
alignment so as to combine shortness of route with avoidance of 
physical obstructions, such as swamps, rivers, hills, deep valleys, or 
the necessity for quick bends, and also, if possible, to pass near to a 
quarry where suitable stone may be got for the purpose of making 
the road ; and of course other necessities will arise in every locality 
which will require careful consideration. 

In setting out the road see that the straight parts are absolutely 
straight lines, and that where changes of line occur connect them by 
tangential curves of proper radius. 

Unless on zigzag roads up the sides of hills, the radius of a road 
curve should not exceed a chain (66 feet) in length. 

\A'here curves come thus : — 



they should be connected between A B by a straight line. 
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When thus : — 



they should be connected by a /a/ cui-ve. 

We will next consider the question as to what width shall be 
given ti^ the proposed road, and whether it shall be provided with 
foot'Walks. 

Width of road is governed by three considerations — 

(1). The maximum amount of traffic that has to be provided for, 
not only at the time of construction but also the probable increase. 

(2). The land available for the construction of the road. 

(3). The amount of money at the disposal of the Engineer for its 
construction. 

The width of the vehicles likely to use the road must be taken 
into account, and a margin for passing safely at speed allowed. In 
this country for ordinary traffic multiples of eight feet are considered 
a fair width to allow for a road or street 

Where sufficient land can be acquired it is well in laying out a 
road to provide a greater width of land than is actually necessary 
for the purposes of the made road bed, so as to provide for further 
extensions if necessary. The road, however, should not be made of 
greater width than can be kept in proper repair ; this extra width of 
land ^vill allow for ditches, banks, etc., and gives it a broad space fur 
the sun and wind to assist the evaporation of water upon the surface 
of the roadway. 

The proportion of width which the foot[)ath should bear to the 
carriageway must be a question which local circumstances alone can 
determine. 

In England the Model Bye Laws regulating new streets provide 
that the footpaths shall be each one-sixth of the entire width of 
street, including the ]mths ; thus if the distance between the walls 
of the abutting properties was 36 feet, the footpaths would each be 
six feet in width, leaving 24 feet between the kerbs, which it will ho 
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observed is a multiple of eight, and allow three ordinary vehicles to 
pass each other rapidly in safety. 

The following diagrams give some types of cross sections of road- 
ways, showing how the roads, footpaths, etc., are arranged : — 
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Dimensions of Roads in Central India. 



Width of land in ordinary cases 
where land is valuable 
of roading ... 
of metalling (foundation) 

Depth of „ 

,, of broken stone 
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(Class of Road). 
Ist 2nd. 3rd. 4th. 
108 80 72 54 

78 62 54 54 

30 24 20 

18 15 14 

12" 12" 9" 
6" 6" 6" 



Having thus far discussed the questions of the gradients, lines, 
and widths of the proposed road, the next points to be considered 
before its construction can be commenced are those of its shape or 
cross section, and the materials and manner of its construction. 
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In designing the cross section three important points requii-e care- 
ful consideration — 

(1). Proper drainage of the surface and sub-stnicture. 

(2). Strength to resist the weight and blows of the traffic. 

(3). Ease and comfort of traction. 

The modem practice, gained by experience, has shown that the 
ciurved or arched form of cross section meets the whole of the above 
requirements and this form is adopted, except u|x>n the sides of 
hills or other local circumstances where a " cant " or hanging road 
may sometimes be constructed in preference to what is known as a 
*' barrelled " road. 

Care must, however, be taken that the cross section is not too 
high in the centre, or in other words, have too much barrel, for on 
a road which is made too convex there is a tendency for the traffic 
to avoid the sicJes and follow the same track along the centre of the 
road, as in this position alone can the vehicles remain in an upright 
or i)erpendicular position ; the consequence follows that this portion 
of the road bears a disproportionate share of the traffic, with the 
result that ruts or hollows are worn, in which water (the great enemy 
of all roads) lodges, to the great detriment of its surface. 

Telfoixl adopted a flat elliptical curve for the cross sections of his 
roads. 

Walker recommended a cross section composed of two straight 
lines joined near the centre of the road by a flat curve, and falling 
al)out 1 in 24 towards the sides. 

Codrington says the fall from the centre to the sides need not be 
more than six inches on a road 30 feet wide, and should never exceed 
nine inches, and that for a road 18 to 20 feet wide, three or four 
inches is sufficient : — 

In the City of Liverpool our practice is as follows : — 



FigJ. 




Fig. 2 
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Whether a flat ellipse, an arc of a circle, or two straight sides 
joined by a curve in the centre, is the best cross section to be adopted, 
it is well to remember that the height in the centre should be about 
one-sixtieth of the width of the road between kerbs. 

Having decided the form of cross section of the proposed road, 
the next point to consider is the manner of its construction, and the 
materials of which it is to be made. 

The first and most important point is the question of foundation, 
for unless the sub-structure, which really carries the weight of the 
traffic, is good and substantial, the best possible road surface will be 
of no avail. 

The drainage of the sub- soil is also an important matter in wet 
localities, or otherwise it may happen that the road will sink or be 
blown up after heavy rains. 

If the ground is soft it will be hardened by good drainage, which 
can be easily managed by cutting shallow trenches transversely 
across the road bed, at distances of from half to one chain apart, 
connected with the ditches at the sides of the road or with other 
outlets, and filling these trenches with rubble stone or other dry 
material. 

On very soft, spongy ground or bog it is a good plan to carry the 
road on a raft, made with fascines or long fagots of bnishwood, laid 
first transversely across the road and then longitudinally under the 
road, the top layer being laid transversely ; this is then covered with 
gravel or stones, and is ready for the foundation or ** bottoming " of 
the road. 

In the selection of the materials to be used for this bottoming, 
local circumstances must to a great extent be your guide. 

If rock can be easily procured, the foundation or bottoming 
should be designed as follows : — 

Upon the road bed — properly shaped to the contour of the road 
and well beaten or rolled — a course of large pieces of rock should be 
set by hand upon their broadest faces in the form of a close firm 
pavement. These stones should be from seven to ten inches deep, 
and be laid across the road ; they must have all projecting irregulari- 
ties broken off with a hammer, and the interstices between them 
filled with spalls or chips, firmly wedged in or patched by hand 
with a light hammer, so that when all is finished there shall he a 
fairly even surface. 

Where rock cannot be procured, large stones or gravel may be 
used, or such other material as the designer of the road may find 
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procurable in the district, bearing in mind that the band-pitched 
rock bottoming is the best with which modem science is acquainted, 
and that the duties of this bottoming are threefold : — 

(1). To carry the weight of the traflfic. 

(2). To act as a sub-drain for the surface of the road. 

(3). To prevent the earth under it from rising or " spewing up " 
on to the surface of the road. 

For ordinary country roads of light traffic the bottoming can be 
formed with screened or sifted gravel, that which passes through 
the screen being used for the road. In some districts, the pots and 
pans, and other " hardcore," as it is called, from the waste refuse of 
houses, is used ; in other districts hard clinker from foundries is 
used, but none of these make so good a bottoming as the hand-set 
stones or rock as specified by Telford, the first king of road 
makers. 

Upon the bottoming prepared in one of the above-mentioned 
manners, the road material or " metal " should be laid in two layers, 
each about three inches in thickness, and brought up to a little above 
the finished contour of the road, to allow of the inevitable sinkage 
which takes place owing to the compression of the traffic, or the 
rolling which follows the construction of the road. 

As to the choice of the proper material with which to metal the 
road, local circumstances must be again considered, and the assist- 
ance of local persons, especially masons, quarrymen, and others (if 
there are any), can be sought with advantage with a view to 
obtaining information from them about the different rocks and 
stones of the neighbourhood. 

As, however, "the proof of the pudding is in the eating," the 
only true test of the value of any stone for road making purposes is 
by observing its behaviour when laid as a road metal. This cannot, 
however, always be tried, and I have consequently inserted at the 
end of this lecture some remarks by a Mr. Stock " On the Valuation 
of Eoad Metal and Setts for Paving, '* wherein he suggests certain 
tests with a view to obtaining some information upon the point (see 
Appendix A). 

Failing, however, the opportunity of making the experiments he 
suggests, the following methods may, I think, be advantageously 
tried (if the means are available) in order to throw some light on 
this important question of the selection of the best road metal. 

(1). Make a trial for toughness. 

This can be done by setting a man to break measured quantities 

f2 \ 
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of different stones, and noting how much he can break in a given 
time, and then comparing the results.* 

(2). Ascertain what power the stone has to resist abrasion. 

To do this, weigh a certain quantity of stone, broken to the proper 
size for road metal, put it into an iron cylinder or box saspended on a 
spindle, and have it revolved a given number of times ; then weigh 
the stone again, and note what it has lost by reason of the stone 
knocking against each other and against the sides of the cylinder. 
Compare different stones b}' this test. 

Another plan would be to press a piece of the stone against a 
grindstone with a uniform pi*cssure, and note the loss of weight 
caused by such contact from a given number of revolutions. 

(3). Ascertain power to resist compression. 

This can be ascertained by j)utting samples of stones under an 
hydraulic press ; or, if this is not procurable, it can be managed with 
a long, easily made lever. 

The weight or specific gravity of a stone, appears to be no test 
as to its fitness or otherwise as a road metal. 

Clay -slate has a higher specific gravity than a tough flint, and yet 
the latter is incomparably superior as a road material, the former 
being almost worthless. 

The qualities of a good road metal may be summarised as 
follows : — 

Power to resist abrasion. 

Strength to resist compression. 

Toughness. 

Power to resist decomposition or action of the weather. 

As I have before stated, local circumstances must be taken into 
consideration when determining what stone to use, bearing in mind 
that the cheapest stone is not always the most economical. 

I, however, give the following list of stones applicable for the 
purpose as a guide to their selection : — 

Syenite. — This is a granite, in which hornblende takes the place of 
mica. It is an excellent road material, the darker the colour, the 
more durable it is found to be. 

Granite. — This should have a prei)onderance of felspar, and have 
as little mica as possible. Close grained granites are the best. 

Trappean Rocks. — Some of these make excellent road metal. 

* Touehness is, however, not all that is required. Leather would be almost 
impossible to break in this manner, and yet it would not make a good road 
metal. 
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BasdU of dark colour and close grain, should be selected. Green- 
siane^ with similar characteristics, are good, as is also fFhirisiones. 

Gneiss is inferior to granite ; it is composed largely of mica, and is 
not a first-rate road metal. 

Flints. — These, if tough, make excellent roads, but often they are 
too brittle for heavy traffic. Surface pipked flints are better than 
those which are freshly quarried. They seem to harden with exposure. 

Gravel. — This varies in character, but if of a flinty nature, and not 
too much mixed with earthy matter, makes very good roads for light 
traffic, and is much used. It should be screened through wnre 
screens of about IJ-inch gauge, the larger stones being broken and 
used with it. 

Pebbles. — These are found on sea-shores and river-beds. They are 
composed of very various rocks, and are much water-worn and 
rounded : when broken, and mixed with gravel to bind them, they 
sometimes make very fair roads. 

Limestone. — The metarmorphic, silurian, and carboniferous lime- 
stones may be used if crystalline in appearance, but the lias and 
oxlitic do not make good roads. There are hundreds of miles of 
limestone roads in this country, and they often make excellent road- 
ways, as such stones have a great |X)wer of binding together. 

Limestone has, however, a strong affinity for water, and thus they 
are muddy in winter, and dusty in summer. 

Clay-date. — These do not make good roads, as they crumble on 
exposure, and quickly degenei-ate into mud. 

Sandstones. — Some of these, if cherty, or containing a large per- 
centage of iron, may be used, but, as a rule, they make a most 
inferior road. 

In some districts it is almost impossible to obtain any natural 
stone for road metal. In these cases, slag from blast furnaces, or 
ordinary clinkers from furnaces, or even burnt earth, have been 
used as substitutes, but they are none of them to be relied on. 

Oyster shells are used with very good results on the roads near 
the Gulf Coast, and charcoal has been used in Michigan, U.S.A. I 
have myself made an excellent road in Jamaica with a rough coral, 
and no doubt many strange materials have been pressed into the 
service. 

It is a mistake to mix a soft stone with a hard one, the result is 
sure to be a " bumpy " road, arising from the fact of the soft stone 
wearing more quickly than the harder. The hardest stone should 
be kept for the top or surface layer of metalling. 

Breaking stone into road metal was, until comparatively recent 



70 

years, always done by hand ; now machinery has taken the place of 
manual labour in this as in other industries. Hand-broken stone, 
however, is by some considered preferable to machine-broken, where 
it can be had at a cheap rate, as it is broken by a blow and not 
crushed. 

When broken by hand the breaker first reduces the size of the 
pieces he is engaged upon with a heavy hammer, and then further 
breaks these pieces up into the required sized metal with a small, 
cast-steel, chisel-faced hammer, about lib. in weight, fitted to the end 
of a long flexible ash stick. 

The size to which road metal ought to broken is often a matter of 
choice, but if each stone can pass all ways through a two-inch ring, 
it is, in my opinion, the right size. An old gauge used to be what- 
ever the stone-breaker could put in his mouth, but this was not 
altogether satisfactory, as the gauge sometimes varied. 

To the two-inch gauge a good stone-breaker will break about two 
cubic yards of hard limestone in a day of 10 hours, but with a very 
tough granite he cannot break much more than half a cubic yard in 
a day. 

With a first-class machine stone-breaker, between 8 and 10 cubic 
yards of granite can be broken in an hour. 

The following table gives some recent information in connection 
with Marsden's Stone Breaker, which will be of interest : — 

Table of *' Marsdex's " Stone Breakers. 



Sim of 
mouth. 



20x10 
20x10 

24x13 

12 X 8 
15x10 
20x10 
20x10 
30x13 
20x10 
24x13 

Various 

15x10 
15 X 8 

20x10 



In use. 



5 
2 



1 

1 

1 
2 

1 
1 
2 



1 
1 
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Material. 



Buenos Ayres Corporation. 
Coverack Stone Company, 
' Falmouth. 

John Mowlem & Company, 
Guernsey. 

Chamwoocl Granite Com- ^^^^a^^*® 
pany, Loughborough. 

Shap Granite Co., Shap. 

Ceiriog Granite Co., Chirk. 

Lunedale Whinstone Co., 
Middleton-in-Teesdale. 



40 Indian Government. 



[ Curragh Camp. 

(T. A. Walker, Esq. 
- Ihienos Ayres. 
( Harbour Works. 



/ 



500 
300 

300 

55 
75 
100 
200 
175 
100 
Whinstone .300 
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10 hours. 
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Granite. 
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A cubic yard of broken road metal, when properly spread, will 
cf»ver an area of about 20 yards of roadway, and has the following 
weight : — 

Tons. Cwts. Qrs. 
Cubic yaixls broken granite equals ... I 3 2 
Flint, equals ... ... 1 I 3 

Pit gravel, equals ... ... 1 4 3 

„ Limestone, equals ... ... 1 2 






The smaller the stone is broken the heavier a cubic yard will 
weigh, as the percentage of vacant space between each stone will be 
less. It has been found by experiment, however, that 55 per cent, 
of ordinary broken stone road metal is solid, so that the weight of a 
cubic yard of it can be easily ascertained as follows : — 

Multiply the weight of a cubic foot of any stone by 27, and then 
multiply this by 0*55 ; the result will be the weight of a cubic yard 
of broken road metal. 

Having decided the important point as to the metal which is to 
be used for the road, it is necessary to decide whether footpaths are 
to be provided, and if so, their width, height above roadway, and 
materials with which they are to be formed, and whether paved 
channels, gutters, or water tables (as they are called) are necessary ; 
and also the methods to be adopted for getting rid of the water 
falling upon the roadway and paths. Wherever a footpath is 
required, some description of edging or kerb is necessary in order to 
raise it above the level of the roadway, to retain the materials of 
which it is made, and to keep it from damage by vehicular 
traffic. 

For country roads a border of turves on edge is sufficient. In 
some districts planks or old railway sleepers, set on erlge and secured 
by woo<len pins, are used. 

In Fnxnce an L shaped cast iron kerb has sometimes been used. 

Kerbs made of aitificial stone or concrete are frequently made 
in this country, but where there is much traffic, a hard stone kerb, 
such as granite, should be used, as it is the only material which 
will stand the severe blows and abrasive action of the wheels of 
pas.sing traffic, as well as exposure to great changes of temperature. 

The dimensions of kerbstones vary in different localities, and their 
width should be somewhat regulated by the width of the footpath. 
As a rule, they should not be narrower than four inches or shallower 
than nine inches ; any kerbstone of less depth than this is likely to turn 
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over on its bed. It should be in lengths of not less than three feet^ 
and be hammer-dressed on top ; and for five inches on the roa^l side 
and three inches on the path side, a di-afted edge about one inch in 
depth adds greatly to its appearance. 

The kerbstone requires to be bedded in concrete or on clean 
gravel, and be beaten into place with heavy setting mauls, weighing 
about oOlbs., and be well packed or rammed with an iron bar on 
each side to prevent its shifting. To set heavy kerb correctly as to 
level and alignment requires considerable skill and practice. 

The fall of the footpath between heel and kerb depends upon the 
material with which it is proposed to pave it. Gravelled paths 
should have an inclination of about half an inch to the foot (1 in 24), 
whereas paved footpaths may be reduced to ^-inch to a foot (1 in 96), 
or :J-inch to a foot (I in 48). The foundation should be well drained, 
and where abutting on a hillside or retaining wall the path should 
be drained thus : — 




The foundation may be made with large stones or coarse gravel, 
upon which may be laid three inches of fine gravel well rolled. 
Time will not permit me to do more than to give a list of some of 
the materials %vhich are commonly used for the pavement of foot- 
paths in this and other countries : — 

1. Gravel, fine stone chippings, clinkers or ashes, and other 
similar materials. 

2. Tar |)avement, consisting of gravel, tar, chalk, and other similar 
preparations. 

3. Natural asphalte, either mastic or compressed. 

4. Slabs or flags of natural stone about two inches in thickness, 
such as the York stones, sandstones, Caithness, limestones, slates, 
eLc, ecc. 

5. . Concrete, or artificial stone, laid cither in slabs about two inches 
thick, or in mass, or " monolith." 
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6. Bricks or tiles of different thicknesses and shapes laid either 
flat or on edge. 

The channel or water table of your road, if paved, gives it great 
protection. Without some description of paved channel the 
baunches of a road may become seriously damaged daring heavy 
rainfall, and if the i)ath is kerbed it may eventually become under- 
mined ; a paved channel also acts as a " wheeler " for vehicles, and 
undoubtedly adds greatly to the appearance of a road. 

Channels may be paved with concrete or stone. If the latter, it 
may be in flat slabs or in setts bedded solidly, and grouted with 
lime or cement grouting or bitumen. The channel should show 
from three to six inches of kerb, and have a longitudinal gradient of 
not less than 1 in 250. Where the road is of less gradient than this 
(or perfectly level), the necessary fall in the channel can be eflected 
by showing less kerb at the top of the gradient and more at the foot 
near the gullies. 

These gullies, protected by gratings where necessary, must be 
placed along the lines of channel at such intervals as may be found 
necessary, and be connected with the sewer or ditches which are 
intended to carry off the water. 

A great number of different forms of gully have been introduced 
from time to time ; the points to be considered in their design may 
be summarised as follows : — 

1. To be of sufficient area to carry off all water. 

2. Not to be easily choked by leaves or cUbiis, 

3. To have a sufficient pit to rettiin all sand and road detritus, 
to prevent it being carried into the pipe or sewer. 

4. This pit to be easily accessible to facilitate cleansing. 

5. If the pit is connected with a sewer it must be trap()ed. 

6. The cover of the gully to offer no obstruction to the traffic. 
All the foregoing points having been decided, it is necessary, 

before proceeding with the work, to prepare a speciffcation, and I 
will, therefore, give you a specimen specification for the constniction 
of a modem, macadamised roadway. 

Heads for a Specification. 

The ground to be excavated to the required depths and to the 
proper contour and grade of the proposed roadway, and thoroughly 
and repeatedly rolled until perfectly solid and hard. Any deficiencies 
which appear after this rolling to be filled with good material and 
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again rolled until the whole is compact and firm. On the road-bed 
thus formed and compacted, a layer of stone, six inches in depth, is 
to be set by hand, so as to form a close, firm pavement. The stones 
are to be set with their largest side down, in parallel lines across the 
street, breaking joint as much as is practicable. The width of the 
upper part of the stone not to be more than eight inches or less than 
six inches. No stone to exceed 15 inches in length. After being 
set closely together, the stones are to be firmly wedged together with 
a bar. Projecting portions are then to be broken off and the 
interstices filled in with spall or chips firmly wedged in with light 
hammers. The whole is to be thoroughly rammed and settled into 
place, and any irregularities of siirface broken off. 

Upon this bottom or foundation thus prepared, a layer of broken 
stone, four inches in depth, is to be laid and thoroughly well rolled 
without any addition of binding, though a little water may be 
sprinkled on it to facilitate the operation. The stones of this layer 
must have been broken so as to pass all ways through a 2|-inch 
ring. Upon this layer must be evenly spread a layer of stone, 
broken to pass through a IJ-inch ring for a depth of about two 
inches, and this must again be thoroughly rolled. Finally, a coating, 
about half-an-inch in thickness, of fine screenings or siftings is to be 
spreiid, and the rolling must be continued, working the roller 
gradually backwards and forwards from the gutter to tlie crown, 
with an occasional light watering, until the cross section is exact to 
the proper contour of the road, all interstices filled in, the roadway 
firmly compacted and solid, and ready for traffic after a few days' 
drying. 



In setting out a road, the dumpy level, theodolite, ranging rods, 
and chains are necessary. The line is first carefully staked out and 
all the levels given, after which anyone %vho is skilled with the use 
of " boning rods " can keep a check on the work of the men. 

I will not enter into any detail or description of this part of the 
work, as ocular demonstration on the ground is the only clear way 
in which such information can be imparted, and doubtless you are 
all well able to use the instruments I have mentioned, and setting 
out work of any description is only acquired by practice on the 
ground ; I will, therefore, pass on to make a few remarks upon the 
maintenance of a road after it has been constructed. 

In former years sufficient importance was not given to this 
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question of maintenance, and many a goml road was ruined from 
want of care, and the application of a " stitch in time." 

It iise<l to be considered that almost anyone was good enough to 
take charge of a road after its construction, and the result was not 
successful. 

1 will not weary you with describing the methods that used to 
obtain in this country for the repairs of roads, they were left in 
the hands of parish surveyors who had no practical or technical 
experience, and even now there are many miles of roadways in this 
coimtry which are in a disgraceful condition owing to the mis- 
management or ignorance of those who are responsible for their 
maintenance. 

Time will not permit me to enter into many details upon this part 
of my subject, so I will content myself with refening you to Mr. 
Codrington's excellent book upon TJie Maintenance of Macadamised 
Bfiotls, published by Spon, of 125, Strand, and many pamphlets 
which have been issued from time to time, some of which no 
doubt you have seen, especially that by Mr. W. H. Wheeler, 
which was written at the request of the Cyclists' Union, a body of 
gentlemen who are well able to speak as to the goodness or reverse 
of nearly all the roads throughout this country. 

In France, the maintenance of the roads is managed on so excellent I 

a system that a description of the method there employed will, I j 

think, be of interest and use to you. 

For many years past the roads in each department ^equivalent to 
our county) have been under the supervision of the Engineera of the 
Fonts et Chaussecs. The main roads are divided into two classes, 
viz., Xaiional Boads, which pass through two or more departments, 
and connect large cities ; and Departnienial lloads, which connect the 
principal cities of the department. 

The local roads are divided into three classes : — the im^x)rtant 
local roads ; the ordinary local roads ; and the bye-roads. Each 
road is thus classed according to its use and the amount of traffic it 
hears as verified by actual observation. 

Some of the national roads are paved like streets, others are 
macadamised. 

The local roads are generally gravelled. 

The Engineer-in-Chief has charge of all the roads in his depart- 
ment, and he has under him a staff of assistant engineers, who, in 
their turn, have under them superintendents and overseers, each in 
charge of certain lengths of road, and with a force of labourers, 
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and the necessar}* plant and tools for keeping all the roads in good 
order. 

The fundamental principles, as laid down in the "Manual of 
Instructions," which is issued from the head office, are : — 

First, the removal of the daily wear of the road, whether mud or dust. 

Secondly, the prompt replacement of this wear with new materials. 

Each road is divided into sections called " cantons," varying from 
100 yards where the traffic is heavy to a mile or more where it is 
light. Each canton is under the charge of a " cantonnier," a work- 
man who is responsible for the condition of the road in his canton. 
He works in summer from five to seven, and in winter from sunrise 
to sunset. 

His duties are as follows : — 

(1). To keep the gutters and channels clear so that all water may 
run off freely. 

(2). To scrape off the mud, or sweep off the dust, as the case may 
be, so as to keep his road always clean. 

(3). To pick up all loose stones, break them, and stack them in 
heaps at the sides of the roads, so as to be ready for repairing ruts 
and holes. 

(4). When it snows, to clear it off so far as possible, and to break 
any ice that forms on the road or in the gutters. 

(5). To take care of the trees bordenng the road. 

(6). To keep the milestones and direction posts in order. 

He is provided with the following tools in order to execute this 
work, viz., wheelbarrow, shovels, pickaxes, scrapers, rakes, brooms, 
crowbar, hammer, and measuring tape. 

Six adjacent cantonniers form a brigade under a foreman known as 
a " cantonnier chef." Several brigades are under a " conducteur," or 
superintendent, who may have charge of 40 or 50 miles of road, 
which he has to inspect and report on in detail twice a month to an 
engineer, who has charge of several sections, including all the roads 
in an " arrondisement " or parish, and he has to inspect every part of 
his roads once in three months, and rejwrt to the "Ing^nieur-en-chef" 
who has charge of all the roads in his department or province, of 
which there are in France eighty-seven. 

For special work, or heavy falls of snow, extra men are, of course, 
engaged. 

Such is the method employed in France, and it might well be 
followed in this country, for, with the exception of Italy, no such 
splendid roads can be found in any quarter of the globe. 
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Before closing this point of my lecture on road making, a few- 
words upon the subject of rolling the surface of the roadway are 
necessary. 

In the early days of macadamised roadways it was the practice to 
allow the traffic to consolidate the newly laid metal, the grinding 
action of the wheels, and the blows of the horses* hoofs, breaking 
off small particles or chippings from the stones, and thus forming a 
binding with which the road eventually becomes made. 

This has, however, been found to be a wasteful, as well as a cniel 
practice. 

Horses suffer when travelling on newly metalled, unrolled roads. 

The wheels of vehicles are injured by the grinding action. 

The traction required on so rough a road is very considerable. 

The loss of stone is great. 

The effect of rounding off the edges of the stones is very 
detrimental. 

Altogether the practice was not successful, and rolling was intro- 
duced. At first horse-rollers, and then steam-rollers, were used. 
The use of horse-rollers for road making is not satisfactory. 
They are expensive to use, as a large team of horses and many 
attendants are necessary. The horses' feet, in pulling the roller, do 
as much harm as the roller does good, and they are clumsy and 
difficult of manipulation. 

Steam-rollers were consequently introduced about 25 years ago. 
and like many other inventions which are evolutions from a lower 
type, the first steam-roller was an ordinary horse-mller drawn by a 
traction engine. 

From this first attempt the finished and perfected steam road- 
roller has emanated from the workshops of Messrs. Aveling and 
Porter, the well-known steam road-roller makers of the neighbouring 
town of Rochester, and of whose handicraft I now draw your atten- 
tion to certain diagrams and photographs which illustrate this pai*t 
of my lecture. 

The following points in connection with this subject will be of use 
to you : — 

(1). Rollers must not be too heavy, or otherwise they may injure 
the foundation of your road, or crush the stones of which it is made, 
or break gas or water-pipes, or even fall into a cellar, or break into 
a culvert. From 10 to 15 tons has been proved to be a good margin 
of weight. 

(2), Do not have the rollers too wide, or else they will press 
unevenly on the contoiu* of your road. 
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(3). Roll the haunches of the road always before you roll the centre. 

(4). Do not attempt to consolidate the metal without the use of 
"binding," such as gravel, sand, chippings, or road drift, and a 
certiiin quantity of water. 

(5). The following should be the method employed in repairing a 
road with the steam-roller : — 

Lift the existing metal mth pick-axes for a depth of from two to 
three inches ; then spread the new metal evenly about three inches 
in depth ; then roll about twice whilst dry to get a settlement ; then 
spread the binding evenly over the surface, and sprinkle suflBcient 
water to prevent the binding or metal adhering to the roller ; then 
roll till the road is right. A steam-roller will put in order from 
500 to 3,000 square yaixls of road surface in 10 hours, according 
to gradients, class of stone, attention, &c. Keep men constantly 
sweeping lightly the surface of the road whilst rolling. Give the 
road a day or two to dry before letting the traffic on it. 

Before proceeding to a description of paved roa4lways, a few 
words ujx)n what are known as tar macadam roadways will be of 
interest. 

The road bed and foundation are prepared in a similar manner to 
that required for ordinary macadamised roadways. 

The macadam, or metal, broken to the usual size, must be heated 
so as to drive off all moisture out of the stone, either by spreading 
the metal on hot plates, or stacking it with small coal intermixed, 
and letting the heap burn itself out. 

Ordinary coal-tar is then heated and poured on to the heated 
road metal, which is turned over and over until the tar is thoroughly 
incorporated with the stone. When cold, the tarred metal is taken 
to the roadway and spread upon the foundation in the ordinary way, 
and well rolled to the proper contour. A finishing coat of smaller 
stone or chippings, prepared with tar in a similar manner, is then 
spread about two inches in thickness, and well rolled to the finished 
contour of the road. 

This class of roadway requires some care in its construction, as 
the quality of the tar often varies, and it is also essential that every 
particle of stone should be thoroughly coated and slightly impreg- 
nated with the tar. 

When, however, care is taken, an excellent roadway for light 
traffic results. 

Such a road, however, requires careful watching and attention 
after construction, and when the crust is worn through it soon goes 
to pieces. 
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Facing the roadway with a coating of tar and sand about once 
every two years helps greatly, however, to maintain it. 

I will now pass on to say a few words on the construction of what 
are known as paved roads. 

When the traffic along the road is either very excessive or very 
heavy in its character, it becomes exceedingly difficult and expensive 
to maintain the surface of that road as a macadamised roadway, and 
consequently a more durable surface has to be instituted. 

The following is a list of those materials which are known at the 
present time as suitable for the purpose of paving roadways, viz. : — 

(1). Stone blocks, setts, or cubes. 

(2). Asphalte, compressed or mastic. 

(3). Wooden blocks, plain or chemically treated. 

(4). Bricks. 

(5). Indiarubber. 

It is unnecessary to trouble you with the history of stone-paved 
roadways, how they have grown out of the Roman or archaic 
methods to the present state of perfection, and how even now road 
engineers are somewhat divided as to the best details for their 
construction. It will, I think, suffice to say that as with the 
macadamised roads, so with all paved streets, the foundation is of 
the utmost importance ; and where an expensive, stone-i)avcd surface 
is to be given to a roadway, no expense or trouble should be spared 
in securing the best possible foundation. 

Time will not permit me to describe to you the different methods 
of providing this foundation ; how in some districts rolled clinkers or 
ashes are used ; in others macadam, well matured and rolled ; in others 
concrete of lias lime or cement ; but I will pass on to describe to 
you how this work is carried out in Liverpool, where, \mder the 
heaviest traffic in the world, the streets are paved with the best 
granite, setts or cubes, and present the appearance of uniform 
surface, free from rutsor depressions, and carry a traffic of 300,000 
tons per yard in width per annum, with a minimum of weiir and 
expen.se for maintenance. 

The method of construction is as follows : — 

The ground having been excavated, thoroughly consolidated, and 
properly graded to the requisite depth and shape, a layer of broken 
stone is spread evenly over the surface and thoroughl}' wetted. A 
stratum of fine concrete is then laid on this, about two inches in 
^lepth, composed as follows: — one part by measure of cement, and five 
parts fine gravel, thoroughly mixed and incorporated together, when 
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dry, and then turned over at least three times, when slightly wetted. 
Upon this stratum a second layer of stone is added, which is then 
beaten down with a heavy flat beater. Other layers of concrete and 
stone arc added till the foundation is six inches to eight inches in 
thickness. Constructed in this manner it forms a strong, flat-arche<l 
wall of random stone or beton, and is more powerful to resist 
compression than ordinary concrete. 

On the foundation thus prepared, and allowed several days to get 
thoroughly set, is spread a layer of about half-an-inch in thickness 
of fine gravel, on which are laid granite or syenite setts in regular 
straight and properly bonded courses with stiaight joints, betts, 
cubes, and blocks, vary in size as follows, according to the class of 
traffic they have to bear, the following being some of the sizes used 
in Liverpool : — 

Setts 



jj 



Cubes 



jj 



H" 


X 31" 


X 5" to 7" long 


n 


X 3, 


X 5" to 7" „ 


H 


X :;i 


X 3f 


4 


X 4 


X 4 


4" 


X 4 


X 6" deep 


n 


X 3i 


X 6i 



Blocks 

,, 

The joints between the setts are then filled with hard, clean, dry 
shingle, the setts being rammed with heavy setting mauls, and 
additional shingle added as it shakes down into the joints until all 
the joints are full of shingle. Hot coal pitch and creosote oil in 
proportion of three to one are then run into the joints, until they 
are quite full and overflowing. The pavement is then covered with 
half-an-inch of sharp gravel and is ready for the traffic. 

The objections that have been raised to stone-paved streets are 
that — 

( 1 ). They are noisy. 

(2). They are slippery. 

(3). They wear out horses* legs and carriage wheels. 

These objections have to some extent been met in Liverpool. 

The bitumen joint and less width between the setts have 
diminished the noise, and the narrow setts give a better foot-hold to 
the horse ; the hoof has but a little way to slip before being assisted 
by a joint. 

In designing a stone-paved roadway the following points must be 
considered : — 
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(1). Foundation to be the firmest possible. 

(2). Stone setts to be granite or syenite. 

(3). Width of setts to be not more than 3^ inches. 

(4). Joints to be as close as possible, 
(a). To deaden noise. 
(b). To give strength, 
(c). To prevent stones turning over. 
(d). To prevent the edges or arrises of setts wearing off. 

(5). Joints to be run with bituminous composition, not cement 
grouting. 

(6). Select stones that are hard, but which will not wear slippery. 

(7). Be careful that your setts are all of equal width and depth, 
and not more than three inches variation in length. 

It was in order to meet some of the objections to stone-paved 
streets (especially that of noise) that wood blocks were proposed 
as a substitute, but although the first trial of this material was made 
in London upwards of fifty years ago, it is only within recent years 
that wood pavement has been scientifically and systematically laid 
in the metropolis and some of our provincial towns. 

The advantages of wood pavement may be summarised as 
follows : — 

(1). It is quiet. Wheels make scarcely any noise upon it, and there 
is no clatter of horses' shoes. 

(2). It is safer than either granite or asphalte pavement for horses 
travelling on it, and if a horse falls he can rise more easily. 

(3). The traction upon it, though slightly in excess of asphalte, is 
•compensated for by better foothold. 

(4). It is easily kept cleansed. 

As with stone-paved roadways, so with wood-paved roadways, the 
foimdation must be made to carry the weight of the traffic. Concrete 
makes the best foundation, and as the wood blocks can be made 
much more of an even size, one with the other, than stone setts, the 
-concrete must be finished smooth on the surface. 

Very little sand is necessary as a bed, and the wood blocks may. 
be laid on the finished surface of the concrete, though this is some- 
what objectionable on account of jarring. 

In some cases the blocks are laid close together without any joints, 
but the following may be taken as a good description of a well-made 
modern type of wood pavement. 

Lay the blocks on the concrete foundation in transverse courses 
with their butt joints in contact, and with a |-inch joint between the 

G 
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courses ; this is maintained by means of three iron studs driven into 
the face of each block. Sometimes this is done with laths or raps, 
which are afterwards withdrawn. With a little practice, however, a 
paviour can set the blocks the proper distance apart without either 
studs or raps, thus saving expense. The joints are then run with 
cement grout (tlu'ee of sand to one of cement) ; after this has set for 
about seven days the whole surface of the pavement is covered with 
sharp gravel, and the traffic is turned on. The stones of the gravel 
are crushed and driven into the road by the traffic, which protects 
the face of the road. 

As wood swells very much when wet, an expansion joint must be 
left between the blocks and the kerb filled with clay ; each of these 
joints should be at least one inch in width for a 30-foot roadway. 

The depth of blocks now used is generally five inches, breadth 
three inches, by nine inches in length, and yellow deal is the timber 
selected. 

Some hard woods, such as beech and oak, have been used, but 
experience shows that hard wood causes a rumbling or trembling to 
vehicles running on it, and the blocks seem to wear unevenly, whereas, 
the softer woods wear more evenly and are pleasanter to travel on. 

Jarrah wood, an Australian wood, is now, however, being used 
for the purpose, and has been down nearly three years in West- 
minster Bridge Road with good results ; it is a hard wood, with a 
longer life than yellow deal — which only lasts about eight years 
under conditions where a granite paved roadway would last 50 or 
60 years. 

One great objection to wood as a pavement is its capacity for 
absorbing moisture, and this is apt to render it insanitary unless 
most carefully cleansed and scavengered, as the horse dung anJ 
ui'ine are apt to saturate its fibres with very unpleasant, if not 
dangerous, lesults. 

In order to meet this objection the blocks have been treated with 
creosote, that is to say, the wood has had the air expelled from its. 
cells and fibres, and then creosote has been forced into every particle 
of it, with very good results if properly carried out, and not less, 
than 161bs. of the creosote oil forced into each cubic foot of wootl. 
This process has not, however, foimd much favour with engineers, as. 
unless each block can be examined before being so treated, it is 
impossible afterwards to detect inferior or sappy wood, which, if 
existing, very soon shows itself by the rapid deterioration of the 
pavement. 
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Great care must be exercised whilst any work of wood pavement 
is in progress to see that sappy wood is rejected, and for this 
purpose it is well to have a skilled foreman on the job, who should 
have power under the specification to split into two pieces any 
blocks which he rejects as unfitted for the piu*p06e, owing to their 
sappy, knotty, or otherwise imperfect condition. 

Asjphdte, — Were it not for its slipperiuess, asphalte would 
undoubtedly be the universal pavement of modern times. It has 
so many advantages over other descriptions of pavements, notably 
the following : — 

Durabiliti/, — Take for instance Cheapside, where, under a most 
trying traffic, a life of at least 1 5 years is secured. 

Appearance. — It is uniform in colour (which is a sober grey), and 
has no joints. 

Cleanliness. — No pavement can compete with it for cleanliness ; 
foot-passengers can walk in the roadway just as conveniently as on 
the paths. 

Healthiness, — No pavement is so thoroughly impervious to mois- 
ture, hence it is the healthiest, for not only can the organic matter 
be quite removed from its surface, but no moisture can soak through 
to the subsoil, and thus basements and cellars are kept dry. 

Xmelessness. — With the exception of a slight clatter from the iron- 
shoil horses' hoofs, there is no noise of traffic on asphalte. 

Econamy. — Taking its life into consideration, asphalte is the 
cheapest pavement that can be laid. 

Ease oj Tractiim. — No known pavement offers so little resistance 
to traction as asphalte. 

W^ith all these advantages, it seems a pity that it should be so 
objectionable on the ground of slippeiiness, especially in this climate, 
where it is seen at its worst on a moist day, when a greasy, sticky 
mud appears on its surface, and then the horses may be seen sliding 
and slipping in every direction. 

I believe that in Berlin, where there are many miles of streets 

laid with asphalte, this objection is being somewhat overcome by the 

fact that the horses and drivers are getting more used to it, and by 

keeping the asphalte scrupulously clean. This is a most important 

point If perfectly dry and clean, or thoroughly wet and clean, 

asphalte is by no means a slippery pavement. As a proof of 

this, showing what greater care in this direction will effect, it 

apj^ears that in the year 1885, in Berlin, 4,403 horses fell on 400,000 

square yards of asphalte; in the year 1887 there were only 2,456 

g2 
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falls on 490,000 square yards of this pavement ; and the large 
horse owners of this city petitioned that more streets should be 
laid with this material, as the ease of traction was so great a saving 
to them. 

Asphalte, as you are probably aware, is a natural lime-stone rock, 
intimately combined and impregnated with bitumen (carbon, 
hydrogen, and oxygen). It is principally derived from Val de 
Travers, Seyssel, Auvergne, Lobsann, and Limmer. It is used in 
two manners : melted or nuistic ; and ground into powder heated 
and rolled, or compressed. Compressed asphalte is more generally 
used for road making ; mastic for footpaths or streets where there is 
but little traffic. 

I will content myself, therefore, with giving you a short descrip- 
tion of a roadway formed of compressed asphalte. 

The foundation must be made, as in the case of stone or wood 
pavements, of the best and hardest concrete, the top surfacffe of 
which must be floated up to a smooth and perfect contour. 

The asphalte rock must be crushed in a stone-crusher, such as I 
have already described to you, and then pulverised in a "dis- 
integrator," until it is reduced to a fine powder, so tliat it will pass 
through a sieve of 0*1 square inch mesh. This powder is then heated 
up to between 240 degrees and 250 degrees, Fahrenheit, in cylinders, 
which are kept revolving so that each particle may become heated 
without burning, and still remain separate from its neighboiu*. The 
powder is then carefully transported to the street where it is to be 
laid in iron-covered carts, in order that it may not lose more than 
20 degrees of heat during transit. 

The powder must then be spread upon the concrete in an even 
layer, about 2| inches in depth, and be carefully raked so as to have 
regularity of depth and surface. Great care must be exercised to 
ensure that the face of the concrete shall be perfectly dry before the 
asphalte powder is laid on it, otherwise the moisture is sucked up 
into the powder, turned into steam, which tries to escape through 
the heated powder, and fissures are formed, which may not appear 
until after the roadway has been made some little time. Such a 
result will lead to the disintegration of the mass, with the consequence 
that the material breaks up. 

After the powder has been laid and raked, it must be well rammed 
with iron punners, weighing about 101b., heated so as to prevent the 
adhesion of the powder. This ramming must be done lightly at 
first so to ensure equality of thickness, and afterwards augmented to 
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heavy blows. After being thus rammed, the pavement must be 
smoothed by a suitable curved hot iron tool, after which it is again 
vigorously rammed and rolled until it is quite cool. The roller must 
weigh about l,1001bs. 

AVithin a few hours of the completed compression of the asphalte, 
the road is ready for traffic, a light sprinkling of sand being first 
applied to its surface. 

Brichi, — Brick pavements have not been largely used in this 
country. They might be adopted instead of stone or wood blocks 
in cases where they were easily procurable, and where neither of 
the latter could be had. 

They should be laid on edge, with their joints grouted in cement 
or bitumen, on a proper concrete foundation. As, however, their 
edges or arrises are somewhat brittle, it might be better to la}' 
them close together without joint. 

There is danger, however, that such a pavement would wear 
unevenly o'wing to the varying quality of the bricks, and this has 
been found to be the case where they have been used on footpaths, 
notably at Brighton, where this class of foot pavement is rapidly 
dying out in favour of flags, asphalte, or concrete. 

In San Francisco a new street pavement has been tried ; it is called 
" hydro-carbolised brick," and consists of bricks of a soft porous 
nature boiled in coal tar, which, it is said, renders them tough and 
hard. On the prepared road bed a layer of bricks is placed flat- 
wise, each brick being dipped in boiling tar as it is laid. This is 
overlaid by a second course of prepared bricks, placed close together 
e<lgeways. The interstices arc then filled with boiling tar, and the 
whole covered with a thin layer of screened gravel.* I cannot 
recommend this form of pavement. 

IndiarvJbber in large sheets, about one inch in thickness, has 
recently been introduced in Hanover as a material with which to 
pave roadways, but I have not seen it, nor can I give you an}- par- 
ticulars of the manner in which it is laid. It is said to be as 
durable as granite, perfectly noiseless, and unaffected by either heat 
or cold, and that it is not in the least slippery, all of which is 
possible, but it must be very expensive. 

There is a small sample of indiarubber pavement to be seen at the 

entrance to the L. & N.W. Euston Kailway Station. These sheets of 

' indiarubber are held down at their sides upon a concrete foundation 

* Journal of the Society of Arts, Vol. XXII., page 123. 



by strips of iron, which clasp the edges tight on each siile. The 
effect of these small pieces of indianibber pavement is excellent, ami 
if it could be applied in a more general manner at a price which wa^i 
not prohibitive, perhaps the road pavement of the future is to be 
found in this material. 

The following diagram shows some sections of various street 
pavements : — 




This, I think, now concludes the subject of road making. 

If any of yon wish to pursue the subject still further, I would 
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"beg to suggest tho following books to your notice, which deal with 
the various branches of the work more in detail than could be given 
in this lective : — 

Pavements and Road^ (reprinted from the Engineenng and Bvilding 
Record of New York), by E. G. Love ; sold at 92, Fleet Street, E.C. 
(R I. Bush). The Maintenance of Macadamised Roads, by Thomas 
Codrington; Spon, 125, Strand. Repoii on Steam Road Rolling^ by 
Frederick A. Paget; Phcenix Printing Works, Doctor's Commons. 
Repair of Main Roads, by W. H. Wheeler; Spon, 125, Strand. 
Mumdpal and Sanitary Engineeis^ Handbook, by H. Percy Boulnois ; 
Spon, 125, Strand. RoacU, Streets, and Pavements, by Q. A. Gillmore; 
published in America; and A Treatise on Road% by Sir Henry 
Pamell, published in 1833, and now out of print. And, of course, 
numerous valuable papers in different reports and transactions of 
societies and associations, which are not easily procurable. 

In conclusion, let me thank you for the close attention 3'ou have 
given me. Your future careers will probably be of a warlike 
nature, but I know how often Eoyal Engineers are engaged in more 
pacific pursuits, and I trust they may some day find that the two 
lectures I have had the honour to give, may be of service to them. 

(The lecture was accompanied by several diagrams, models, and 
samples of the various materials mentioned, which were explained 
during the course of the lecture). 



APPENDIX A. 



On the Valuation of Road Metal and Setts for Paving. 

(By W. F. R. Stock, F.C.S., F.I.C, Piiblic Analyst far the County 
of Durliam and tlie Borough of West Hartlepool), 

The subject which foims the title of the present communication is 
one that does not often, perhaps, come before any single investigator 
in its complete aspect. The problems which are involved in deciding 
upon the relative merits of different rocks for the construction and 
maintenance of different roadways are threefold in their nature, and 
for their solution make calls upon the analyst, the physicist, and the 
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engineer. The writer has been unable to find any account of com- 
parative experiments on road metal embracing the various points 
which he has found necessary to a thorough inquiry into the subject. 

It is quite true that a good deal of useful work has been done, 
notably by Walker, Fairbairn, Mallett, and others, the first-named 
signalizing the thoroughness of his intention by laying down samples 
in the foim of setts under actual street traffic, and determining the 
loss of weight and bulk after 17 months of exposure ; an experiment 
admirable in its way, but impossible of imitation where the question 
before the expert is one bearing upon the purchase or opening out 
of quarry property, and requiring an immediate answer. 

Some ten 3'ears ago the attention of the writer was first attracted 
in the direction indicated, and it appeared to him that the salient 
features of such inquiry might be enumerated as follows : — 

(1). The chemical analysis. 

(2). The specific gravity. 

(3). The porosity, or capacity for absorbing water. 

(4). The crushing and breaking strains. 

(5). The duration under abrasion. 

(6). The nature of the surface retained under wear. 

The last would apply to setts only. 

Since that time opportunities have presented themselves for the 
application of these ideas, and the object of this pa]3er is to show the 
bearing of the points thus laid down, and to give dettuls of a method 
by which the duration value of road-making material can be obtained 
by a moderate expenditure of time and trouble, and, more important 
still, under constant conditions. 

It will be convenient to take each of the six items separately, and 
in the order in which they appear above. 

(1). Tlie Chenxiail Andlym. — This should be of very complete 
character. Its main object, however, is to give the proportion of 
protoxide of iron, protoxide of manganese, bisulphide of iron, lime, 
magnesia, potash, and soda. 

The first three constituents contribute to the destraction of rocks, 
by the absorption of oxygen ; the remainder, by their solution in 
carbonic acid, and probably some organic acids produced by the 
decomposition of excretal matters, always present upon roadways 
under traffic. 

(2). Specific Gravity. — From this deteimination is deduced the 
relative weight of equal bulks of stone, or convei*sely, the relative 
bulks of equal weights. 
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It constitutes the factor for estimating the relative covering or 
spreading vahie. 

(3). Forosiifj, or JFatei'-dbsorhing Capacity. — This item is of con- 
sideniblc importance. There is, |)erha|)s, no more potent rock 
disintegrator in nature than frost in the presence of water, and it 
may at once be accepted as a fact, that of two I'ocks which are to be 
exposed to frost, the one most a])sorhent of water will be the least 
reliable in wear. 

(4). BreaJdwj and Crushing Strains. — Although the knowledge of 
the resistance to gradually applied weight stresses appeare to form 
part of every inquiry into the quality of road metal, the present 
writer has never been conscious of such knowledge possessing any 
definite value. 

It is an elementary fact in mechanics that a body may bear 
enormous crushing force gradually applied, and yet be readily 
broken by a smart blow from a light hammer. 

It may be said, without hesitation, that direct pressure or strain, 
as applied in a break-test machine, has no resemblance to quick 
blows from horses* hoofs, much less to grind or abrasion arising 
from wheel traffic. 

Further, taking ascertained breaking and crushing strains as 
lying between 3 J and 7 tons per square inch, it may l)e as safely 
said that no such strains are ever i>rought to bear upon any single 
inch of roadway in practice, not even during the passage of a 10-ton 
steam roller ; the very nature of the foundation or core of a road 
makes such a supposition idle. These considerations have led 
the writer to look upon any statement of breaking or crushing 
strain in connection with the valuation of road metal as a mere 
conventionality. 

What is really reijuired is some test of easy application that shall 
show within reasonable time, and under constant conditions, what a 
rock will lose by the combined action of light blows and abrasion, 
and, at the same time, exhibit the nature of the face retained by the 
sample under wear, by the fifth and sixth tests already quoted. 

To effect this, the writer has constructed a simple machine, which 
has already proved itself both convenient and efficient in use. The 
following is a brief description of the same: — A cast-iron cylinder 
is provided, of which the internal dimensions are — length, 12 inches; 
diameter, 6 inches. It is flanged at both ends, and fitted with two 
blank discs of ^-inch plate-iron. Both flanges and blank discs are 
turned up in the lathe; they are secured together by six bolts; 
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a thin greased string serves as packing ; the joints must be water- 
tight. The cylinder is intended to be rotated end over end ; it is, 
therefore, grasped in the middle by a strong clamp collar, which is 
furnished with nicely-centred, elongated trunnions, forming the axis 
around which it rotates. These trtmnions nm in bearings placed on 
the top of wooden uprights ; these, in tum, are morticed firmly into 
a strong wooden base board. The whole of the frame is rigidly 
bound together by battens and stioit bolts. The cylinder rotates 
between the uprights ; one trunnion carries a pretty heavy fly 
wheel ; the other a winch handle having a 10-inch throw. A stud 
on the axle actuates a revolution counter indicating to 100,000. 
This is placed in sight of the o})erator, and completes the machine. 

(5). The Duraium Test. — The rock to be tested is worked carefully 
into inch cubes, the faces of which must have a smooth finish ; any 
skilled mason will undertake this. Nine of these cubes are dried in 
the water oven for two hours or so ; they are carefull}' weighed ; 
they are then placed in the cylinder of the test machine along with 
nine cubes of hardened steel of y\ in face. A number of these cubes 
should be forged and hardened to their best. 

Their faces must be smooth, their angles perfectly sharp, and they 
must scratch crown glass with ease. Forty ounces of distilled water 
are now added to the cubes in the cylinder ; the disc or cover 
securely packed and bolted u[>. Since the dimensions of the 
cylinder already quoted give a nominal travel of one yard for 
every revolution, 1,760 turns will give a travel of one mile. 

The writer has found that twice that distance will give a loss of 
from 7 to 12 per cent, on very hard material, and has, therefore, 
adopted 3,520 turns as standard. 

The machine must be steadily worked at 40 revolutions per 
minute ; no variation in this respect is permissible. 

At the end of the run the stones are removed, washed in distilled 
or rain water, dried again in the water oven, and re-weighed. 

The loss is calculated into a percentage. 

The sixth test is got from the worn cubes. 

For the information of the reader, it ma}' be well to state that 
the duration test machine may be constructed at a cost of £5, The 
steel cubes cost from 8d. to 9d. each, and the rock cubes about 6d. ; 
the steel cubes cannot be used twice over. 

To give a comprehensive review of the results of such an inquiry 
as is embraced in the foregoing, the ^vriter appends details of the 
examination of four specimens of rock recently tested by him. 
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Tabular BesuUs of Examination of Samples of four Boad Metals, 



Nature of Detenninatioii. 


No.i. 
Granite. 


1 

NcS. 
Granite. 

1 
1 


Qu%rtiOBe 
Slate. 


Basalt. 

1 


oilica 


72-52 


i 

67-57 


62-97 


61-22 


Alamina and Titanic Acid 


13-09 


15-52 

1 


15-52 


16-48 


Peroxide of Iron 


1-71 


: 1-71 


2-50 


4-32 


Protoxide of Iron 


1-86 


2-70 

1 


4-30 


8-73 


Protoxide of , Manganese 


•07 


•17 


•47 


-16 


XmmDB ... ,.. ... ... 


1-47 


1-47 


1-97 


.8-33 


Magnesia 


1-74 


2-24 


2-58 


4-42 


Potash 


1-42 


1-38 


1-31 


1-25 


*^*'UBi ... ,,, •«• ••• 


3-25 


; 3-64 


3-40 


2-55 


Bisulphide of Iron 


trace 


trace 


trace 


•49 


Carbonic Acid 


•45 


-50. 


•75 


•19 


It ater ... ... ... ••. 


2-18 


2-45 


4-23 


1-28 




99 76 


99-35 


10000 


99*42 


Specific gravity 


2-692 


2*694 


2-732 


2-980 


Weight of cube feet in lbs. ... 


168-25 


168-37 


170-75 


186-25 


Porosity of Water Absorption... 


-096 


•070 


•118 


trace 


Breaking Strain, tons, sq. inch 


4-50 


4-40 


— 


3-75 


Crushing Strain, tons, sq. inch 


5-75 


7-00 




7-00 


iHiration Test, loss weight p.c. 


7-64 


717 


12-03 


6-90 


iHiration Test, loss of vol. p.c. 


7-63 


7-11 


11-98 


7 03 


J'ace retained under wear 


Bold, rough 


Fine, sharp 


Smooth 


Smoother 
than No. 2 



PAPER V. 

POWER OF GJjm AND ARMOURED 

DEFENCES, 

AND 

SHIPS FEEsus FORTS. 

By Captain C. Ordk Browne, Late R.A. 
(Lecturer on Armour to E.A. College), 



The three lectures given in December, 1890, on the powers of 
giins and the armour of forts and ships, necessarily dealt largely 
^th matter contained in the lectures on the same subject two 
years ago. It is only desirable, therefore, to note such featui'es as 
are new, chiefly the results of some important experiments which 
have been conducted abroad recently, and their bearing on the 
present condition of armour and its powers of resistance. 

For many years past no competition has taken place between 
British compound, or steel-faced armour,* and foreign solid steel 
armour. The trials on the Nettle at Portsmouth were carried out 
with compound and solid steel plates, but the latter, as well as the 
former, were made in England, and it has been naturally questioned 

* A competitive trial of Ensliah and foreign steel-faced plates took place in 
l^nmark in November, 1889, but no solid steel plates figured in the trial. 
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whether the product of makers who are comparatively new to the 
work, represents solid steel as manufactured by Schneider. Con- 
sequently the two competitions which took place at Annapolis, in 
America, on September 18th and 23rd, and at Ochta, near St 
Petersburg, on November 11th, last, in which Schneider's solid steel 
was tried in comparison with the compound armour of Cammell in 
the former trial, and the compound armour of Brown in the latter, 
as well as the £nglish solid steel' of Tickers, are of special impor- 
tance at the present time. These trials were conducted on very 
similar programmes to that of our own Nettle tests, but were more 
severe. That of Annapolis is naturally the first to consi<ler. Figs. 
1, 2, 3, 4, 5 and 6 (Plate I.) show the fronts and backs of the plates 
after the conclusion of the trial. The plates were supplied by Messrs. 
Schneider and Cammell, and were each 8ft. by 6ft., and above 10*5 
inches thick. The Cammell plate is said to have been 10*7 inches 
thick in one report, but its weight would probably be rather under 
than over that of the solid steel plates, which wo may take at 9*4 
tons. Tlie Cammell plate was of steel-faced or compound armour, 
made on Wilson's process. Schneider submitted two "all steel" 
plates, one made of steel of his usual quality, the other of steel con- 
taining 5 per cent, of nickel. The plates were bolted on to a thick 
structure of wood, consisting of three layers of baulks one foot thick, 
strongly strutted at the back, so that it was a firm but soft support, 
such as would favour perforation rather than fracture. On September 
18th four rounds were fired at each plate, each with a 6-inch forged 
steel Howitzer projectile, weighing 1001b., with a velocity of about 
2,073 feet per second, and a calculated perforation equal to 13'20 
inches of iron, or 10*56 inches of steel ; or supposing the plates to 
yield by fracture instead of being perforated, the energy per ton of 
plate would be 34*4 foot-tons for each round. The four rounds 
thus fired at each plate were delivered near the corners. On 
September 23rd one round with 8-inch co-forged steel projectile, 
by Firth on Firminy's system, was delivered on the centre of the 
plate, which would have 14*72 inches perforation of iron, 11*78 
perforation of steel, and 530*2 foot-tons energ}' per ton of plate. 
This naturally perforated the 10*5 inch plates in every instance, 
being broken up in the backing in the case of both of the Schneider 
plates, and passing entirely through the backing unbroken in the 
case of the steel-faced plate. The 6-inch projectiles last fired had 
also passed through the steel-faced plate and backing, while all had 
been stopped by the steel plates. The steel-faced plate had suffered 
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from its face breaking away (see Fig, 1), the Bchneider all steel 
plate had been bi*oken into four pieces through the points of impact 
in an '^ X " shaped tear (see ^t^^. 2 and 5). The nickel steel plate 
had held together wonderfully well. Before commenting on this 
trial it is well to give the facts of the Russian competition, so as to 
deal with the whole question. 

* The Russian trial took place at the Polygon at Ochta, near St. 
Petersburg, on Tuesday, November 11th last, under Vice- Admiral 
Kaznakoff, Director of Naval Artillery, and Rear-Admiral Kupria^ 
noff. President of the Test Committee. The firing commenced soon 
after half-past nine in the morning. During the in'ght the weather 
—previously mild — had become cold, and there Wiis a sufficiently 
sharp frost to enable the soft mud to bear walking on. The pro- 
gramme was as follows : — Three plates, each 8ft. by 8ft. by lOin. 
thick, to be tested each by five rounds fired from 6-inch Obuchoif 
breechloading gun 35 calibres long, discharging forged steel projec- 
tiles, made by the assistance and direction of Holtzei'^s men. The 
weight of eaich projectile was 991b. Russian, equal to 89-381b. 
English. The length was 40*5 cm., or I6in., the head being of the 
iisual ogival form, apparently struck with a nulius of about two 
diameters. The first two rounds fired were intended to be with a 
velocity of about 1,980ft. per second ; and, as a matter of fact, were 
fired with an avemge striking velocity of 1983* 9ft. The last 
three were to be fired at 2,0S0ft., and actually their striking 
velocity averaged 207 9 •9ft. The average stiiking energy was 
therefore 2,414 foot-tons for each of the first tw^o rounds, with a 
calculated perforation of ll'93in. of iron, or 9'54in. of steel or steel- 
faced armour, and for each of the three last rounds a stiiking energy 
of 2,682 foot-tons, and a perforation of 12*50in. of iron and lO'OOin. 
of steel or steel-faced armour. So much for perforation. As regaixls 
work done by shattering, the steel plates may probably have 
weighed about 11-7 tons each, taking the metal to weigh 0*22 tons 
per cubic foot. Brown's compound plate actually weighed 1 1 tons 
12cwt. 3qrs. 14lb., or 1 1 "644 tons, though slightly thicker than the steel 
plates. Taking the weight of each plate at 11-7 tons, the shock per 
ton of each of the first two rounds would be 206*3 foot-tons, and of 
the last 229*2 foot-tons, the total of the five amounting to 11002 
foot-tons per ton of plate. The range was about 130 yards, which 

* 1 he notes of tliiB experiment were ma<le by the lecturer on the ground, 
he having attended this trial. The figures are taken from a report he wrote 
in the Ewjinttr. 
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was enough to insure steadiness and a direct hit. Next, Avith regard 
to the plates and their erection. Brown's plate was made on Ellis's 
patent in the usual manner. It was held up by eight bolts. 

Schneider's plate was presumably hammered and oil hardened in 
its face on his usual system. The analysis of fragments picked up 
show it to contain about 3 per cent, of nickel. This plate was held 
up by twelve bolts. 

The Vickers plate was of solid steel, rolled and hydraulic pressed, 
but not hammered or hardened by oil. The original face had been 
removed in finishing. Like the Schneider shield, this one was held 
up by twelve bolts, the compound differing, as noticed above, by 
having only eight bolts. Each plate was bolted to 12in. timbers of 
pine, backed by an iron skin, made up of three thicknesses of thin 
plate iron, the whole being sup|3orted by six heavy iron brackets. 
The backing is thus firm, but not hard, as in the case of Annapolis, 
being calculated to favour perforation to the fullest extent, for the 
soft pine would be very little hindrance to the forcing back of the 
moulds torn and bent back by the shot, while it would form a fair 
cushion against fracture of bolts and racking. 

Figs, 7, 8 and 9 {Plate II.) show the fronts of the Brown, Schneider, 
and Vickers' plates respectively, after receiving the first rounds laid 
down in the progi^amrae. It appears that there were only ten projectiles 
passed as thoroughly good, consequently nine of these were reserved 
for the three last rounds at each plate, Avhich were fired with the 
higher velocity, the two first rounds being with projectiles which 
were rather softer. This explains the fact that the projectile fired 
in the first two rounds set up more than those fired subsequently 
with a higher velocity. 

As to the effect on the plates ; the through steel resisted perfora- 
tion much better than the compound, the three projectiles fired at 
the higher velocity completely perforating the compound plate and 
backing, and i)assing on intact. The penetration in the Vickers 
plate was slightly deeper than in Schneider's, but in no case did the 
projectile do more than get four inches of its point through into the 
backing. As regards racking or shattering effect, the Schneider 
suffered most. 

Figs. 1 0, 11 and 1 2 (Plate II. ) show the backs of the plates l>eing taken 
from photographs made on the ground by the Russian Government 
after the plates were dismounted. The compound Brown plate has 
more " through fracture " than is usual, but its face plate has adhered 
well, and it may be observed that there is no tendency for the cracks 
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to nin to the bolts. The Vickers plate has come off best as regards 
shattering, requiring no frame to hold it up. The Schneider plate 
has stopped the projectiles most completely, so that the supporting 
structure would not have suffered, which would be important in the 
case of a ship's side whenever repairs should be made and broken 
plate replaced. 

The analysis of the results of the Annapolis and Ochta trials is a 
little difficult, owing to the circumstance that the nickel and plain 
5teel plates stood in oj)posite relation to each other in the two trials, 
that is to say, at Annapolis the nickel plate was the softer, resisting* 
penetration less well, but holding together much better than the 
plain all steel plates, while at Ochta, the Vickers all steel was 
softer and resisted fracture much better than the Schneider plate 
which contained three per cent, of nickel. The natural conclusion 
to be drawn from this is to rather throw doubt on the value of nickel.* 
In both cases the English compound plate was peif orated much more 
easily than the all steel plates. One Russian Kolprino plate, at all 
events, appears to have behaved very well indeed, but it is impossible 
to speak accurately as to its powers because the quality of the 
projectiles are not known. It seems, however, that the Kolprino 
plate shown in Fig. 13 (Plate 11.) had resisted successfully eight blows, 
two of which were with 8-inch and six with 6-inch projectiles, three of 
which were reported to have had 2,140 feet velocity. The 8-inch 
shot were fired at a comparatively low velocity, and most, if not all, 
the projectiles were softer and inferior to those fired in the com- 
petition. Making all allowance for this, however, the plate must 
have been a very good one. To return to the competitive trials 
under conditions which are well-known ; both at Annapolis and at 
Ochta the compound plates were badly beaten. No naval officer could 
prefer a plate which might allow the entrance of projectiles into 
a ship to one which stopped them. Is this because the compound 
system is altogether bad ? Or can it be accounted for by faults 
which can be obviated 1 It is suggested that the latter is the 
explanation. When steel plates first displayed this great power 
to stop projectiles at the expense of fracture of the plates, our 
naval authorities took up the question, and then decided that while 
they would welcome any additional hardness and resistance to 
perforation, it must not be obtained at the cost of " through fracture." 



* The fact that Schneider expects good results fi'om nickel after many 
trials is, of course, in its favour. It is under trial by our own authorities. 
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The words reported to be said were that they woul<l not have the 
armour stripping off the sides of the ships. Thus compound armour 
came in with very soft iron backs and hard faces. Sheffield makers 
endeavoured to substitute soft steel for the back, and the resistance 
of plates with hard steel faces and soft steel backs to perforation was 
very good, but the through fracture to which such plates were liable 
was objected to. However wise this may have been at the time, it 
has followed that the improvement of projectiles has led to the 
present state of things, when our compound plates are much more 
easily perforated by a certain class of fire than the solid steel used 
in France. Tiie class of fire thus referred to is direct attack with 
" unbreakable " Holtzer projectiles ; projectiles which are capable 
of striking steel at over 2,000 feet velocity, and after penetrating as 
far as their energy will take them, rebounding almost uninjured and 
undeformed. Other forged steel projectiles resemble Holtzer's more 
or less, and may possibly equal them, but on the whole Holtzer's have 
the best established reputation. It is curious that this form of soft 
armour with hard face should owe its existence to the navy, for 
while it is now shown to be faulty for naval purposes it is perhaps 
the best for land defences. It gives back at the front of impact and 
so allows of perforation imless very well backed, but when mounted 
on granite it has shoAvn extraordinary resisting powers, as exhibited 
in experiments instituted by the Royal Engineers at Shoeburyness, 
in 1883. Forts, it is submitted, do not suffer from perforation to 
the same extent as ships. Further, a land front must expect to be 
exposed to breaching attack, when accurate fire from guns of medium 
size will be continued for a long period, when the armour will 
probably be destroyed by shattering, while there will be little danger 
of direct injury from perforation. A sea. front is not liable to long^ 
continued breaching attack, but rather to a few blows from heavy 
powerful ships' guns. Nevertheless, the plates being at times backed 
by granite, and also a leak not being a serious matter, it may be 
questioned whether for forts the soft compound armour at present 
in use may not be as good or better than any other. Then again 
the land face of compound armour must tell more in its favoiu* in 
oblique attack, and as Schneider himself admits, has a great power 
to break up projectiles of medium quality. Altogether it may, 
perhaps, be considered safely, that while no very serious injury has 
yet been done, it is necessary to make a change at once in our ships' 
armour, which is England's first need. So long as a land face can 
be defended to hold on to a softer foundation to which it has been 



i1, it apjKtiirs as if the compound principle ought to bo a sound 
for whatever quality is thought best for tlie tounJatiou of a 
, it mnst surely be an advantage to give it a harder face, seeing 
the shot is resisted to much better purpose before It begins to 
;nit« and receive support from the plate surraunding the head 
drives its way on into the metal. Difficulties in rolling and 
ing compound plates will be decreased most likely when the 
fy of the face and back a[)proach each other more nearly than 
leen the case hitherto ; a great improvement ought to result in 
;ing {>ower if through cracking is to some extent allowed, and a 
system of bolts depended on to hold nj) tlie fractured plates. 
1 would be much more secure in action anil the change of plates 
*d more easily when necessary, because the plates being not 
imtcd and very little bulged and deformed at the back, the 
ortiiig flames would suffer little injury. 

itson carried out a programme of experiments at Bnckan and 
;erhiitl«, near Magdeburg, in September last, commencing on 
ember 22nd (Monday). Major Clarke, K.E., m ivell its other 
irs, attended the trials on behalf of the English War Office, and 
I official report drawn up by them furnishes the best information ; 
therefore, only desirable to refer briefly to a few principal 

le different classes of designs under trial may be grouped in 
! than one way, but are fairly included under the following 
s; — {1). Mountain and field quick-fire guns. f2). Fortress guns 
asemato carriages. (3). l?'oi"tres9 guns in shielded moiuitings. 
Naval guns. (5). Turrets. These are taken in the order 
wed by Gruson in his printed list. The special use of it 
nlain or field quick-fire gun is to pour in a fire of cxti-aoi-dinary 
lity at any required moment ; its relation to an ordinary field 
being, in fact, the same as that of a magazine rifle to a single 
er. This valuable power is obtained at the coat of the additional 
;ht, inconvenience, and expense entailed by the use of fixed 
mnition, in which projectile, charge and detonator are held in a 
«r case, which can be thrust into the breech with great speed, 
which itself acts as an obturator at the breech joint. The 
c for this action is limited in lhe field by the power of stopping, 
ery nearly stopping, the recoil ; for if it is necessary to run up 
relay the gim, the quick-fire speed in entering the charge is of 
i use. Hence it natural ly'f olio ws that in the field, where can-iages 
I hydraulic bufiers cannot conveniently he used, quick-fire guns will 
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be of very limited size, their value depending on the efficient action 
of their brakes. It is well to be clear on this point, in order to avoid 
any false application to quick-fire guns of what would be sound 
reasoning in considering the value of field ginis. Quick-tire, to be 
efficient, must not be interfered with by recoil, and it is obvious 
that even a moderate recoil repeated every few seconds must interfere 
most seriously with it. At a supreme moment, however — as in the 
case of a rush at the battery, when accuracy is not necessary — a 
small recoil may be disregarded. A very fair instance of this may 
be seen in Tuesday's firing, September 23rd, at Tangerhiite, when a 
5*7 cm. (2-24in.) gun fired case at cavalry targets at 1,800m., 
discharging 11 rounds in 51 seconds. At the end of the 11 rounds 
the piece had run back 6^m. ; but the gunner firing had been able 
to keep close to the trail, and to see that the gun pointed fairly 
enough in the desired direction, so that the cavalry targets were 
well riddled, and more careful firing with shell on any special point 
might be carried out with a field piece with less recoil. This rapid 
discharge at a critical period is a function of sufficient importance to 
have secured the adoption of quick-fire guns ; and, keeping this in 
view, there is a value in a maximum rate of speed such as may 
otherwise appear to be unnecessary and unpractical. No doubt such 
speed will seldom be called for, but when called for it will be at a 
moment when everything may depend on it. The same provision 
for rapid continuous fire is carried out in fortress and naval gims by 
recoil and automatic recovery of position between each round, or by 
absolute absorption of recoil on a rigid mounting, and to correspond 
to the critical moment of a sudden rush of an enemy on field guns 
may be taken the case of assault of a fortress, or at sea of torpedo 
boat attack. In the case of heav}** shielded mountings and turrets, 
whether with quick-firing or ordinary guns, the main consideration 
is protection against heavy fire. In fortresses there exist points 
where in limited space it is very desirable to place a piece which 
plays an important part, and on which a besiegers' fire will be con- 
centrated. In such a case, a gun in a disappearing shielded 
mounting or turret may be of great vahie. The difficulty is mainly 
one of space, weight, and expense. A powerful gun means a long 
{)iece with strong recoil, and this being awkward to deal with, the 
tendency of guns on disappearing turrets and mountings is to be 
lighter than would be expected, and hence no doubt it is necessary 
to watch against the expenditure of means out of proportion to the 
power obtained. Thus there are places where, as an alternative, a 
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gun might be fairly concealed, especially with smokeless powder, but 
in a regular siege, concealment soon comes to an end, continued 
practice discovers everything, and protection is then better than con- 
cealment. Here turrets and disappearing mountings have their field 
for action. A few definitions may be desirable to distinguish the 
classes of shields apart. In a turret the entire structure, walls and 
platform, as well as guns, generally revolves on trucks. In a shielded 
mounling^ the shield or dome and gun revolve on a centre pivot. A 
disappeating shielded mounting only rises above the surrounding wall 
or glacis plate in coming into action, and after firing descends into 
the position of eclipse. In a shielded emplacement^ the shield is a 
fixture, a mortar with a spherical body moves in a central hole in 
the shield, forming a ball joint on the top of a supporting pillar. 

Lastly, special attention is invited to the movable shielded mounting, 
which consists of a gun in a sheet steel cylindrical stnicture with an 
armoured roof, which is placed on wheels, and can be brought into a 
gim pit, where it assumes an extremely strong position. Thus, in 
the defence of a fortress fresh ground might be taken and a gun 
placed in a spot which might greatly annoy besiegers and prove a 
valuable element in defence. 

It may be noted that in all the trials smokeless powder was used, 
supplied by the United Rothweil Hamburg Company, from whom 
we in England obtained our first cocoa powder. The composition of 
the powder is a secret 3 it is almost wholly smokeless, and may be 
conjectured to resemble others which consist of guncotton in some 
form with a proportion of nitro-glycerine. 

Passing by the trials of quick-fire guns, certain specimens of 
sliielded designs may be noticed as included in the subjects of the 
lectures. 

The 5*7 cm. (2'24in.) 25-calibre quick-fire gun in disappearing 
shielded mounting, shown in Fig. 14 {Plate III.), was exhibited to show 
its working and powers. It is aimed and worked by one man, and 
another to assist and change round when required. He sits on a 
saddle so contrived as to set gear absolutely checking the recoil of 
the gim when turned down. In this position, he works the turret 
with his feet, and when the gun is run back, the hood with gun in 
it is raised or lowered very easily indeed, being well balanced by a 
counter-weight. Practice was made with ring shells against a line 
of twenty skirmishers with supports at 1,300m. (1,640 yards) range. 
Twenty rounds were fired — ten with slow and ten with quick-fire \ 
Til hits were made on the skirmishers and 22 on the supports. 
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The whole structure of this mounting is balanced upon the pivot 
column, which moves up and down in the cone, and rests upon a 
lever, such as is shown in Fig. 14, whose counterweight balances the 
mounting. The gun rests with its trunnions in a. frame, sliding 
backward and forward in guides. Bolts, which hold the gun from 
recoil, enter grooves in these guides, and are connected with a lever, 
on Avhich the seat of the gunner pointing the gun is made fast. 
When the bolts are drawn back the seat is raised, and when pushed 
forward it is lowered. The effect of firing is to press the armoured 
ring against the glacis armour, after which it recovers its position 
again immediately, owing to its situation of the centre of gravity. 
The glacis ring is of chilled iron, resting on sheet iron plates and 
girdftrs. In the position of eclipse, the flatness of the dome causes 
the top of the mounting to be very difficult to see or to strike with 
artillery fire, and the roof or dome resting on the glacis ring, the 
impact of projectiles can produce very little injury to mounting or 
armour. 

Fig, 15 {PUde III.) is the movable shielded mounting for the 5*7 cm. 
(2-24in.) 25-calibre quick fire gun, weighing in all 2*85 tons, which' was 
driven about the ground with three horses and a detachment of eight 
men, and put into position in a pit dug by the gun detachment (see 
Fig, 16). The sheet iron sides of the chamber are covered by the walls 
of the pit, and only the flat armoured dome-shaped roof is exposed 
to attack. In the case of a smaller mounting, that for the 3-7 cm. 
gun, very little efl^ect has been produced on one occasion by the 
impact of three 8*3 cm. (3-3in.) projectiles, slight indents only being 
made. The door and back of the mounting is of thicker metal than 
the sides and front, so as to resist a considerable blow from a piece 
of shell striking it at the opening left at the back of the pit, which, 
however, would not be a contingency likely to arise often. For 
firing permanently in one direction, the mounting is provided with a 
brake, and against skirmishers dispersion can be given by an 
arrangement limiting the rotation of the mounting to a certain angle. 
The ammunition is placed in tin boxes which stand on the floor of 
the chamber. 

This 5*7 cm. (2*24in.) 25-calibre quick-fire gun, in movable shielded 
mounting, was drawn on wheels by three heavy horses abreast, the 
total weight of the load being 2,900 kilos. (2'8o tons), exclusi\e of 
the driver. It was driven a short distance along the range, when 
the word was given to halt and come into action with the horses still 
hooked in — action rear. The piece was then fired to one flank, the 
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lioTses being still hooked in. The recoil consisted of a slight shock 
downwards on the end towards the horses, which was met as far as 
necessary by short thick legs which hung on hinges from the 
mounting. In 6 minutes 13 seconds the first round was fired, two 
men entering the cupola or mounting. The target represented 20 
skirmishers, and supports in rear of each flank of ten men each. The 
range was 1,500m. (1,640 yards) ; 172 hits were made on the 
skirmisher targets, 90 of them falling inside the bodies of the men 
traced on the targets. Fourteen hits were made on the supports. 
The detachment, consisting of one non-commissioned officer and 
eight men, were next ordered to take up a temporary protected 
|K>sition. Digging began at 11.3, a shallow pit was made by 11.12, 
a.nd the wood for sleepers to carry the mounting rails was laid by 
11.17, and secured by pickets. The gun was in its pit at 11. 21 J, 
SLXid the first roimd was fired at 11.23^ — that is, 20^ minutes from 
the time the word was given to entrench. It may be seen in Fig. 16 
{Plate III.) that the pit was a shallow one, only affording partial pro- 
tection ', also the ground was sand, and easily worked by spades with- 
out picks. This, however, is immaterial to the issue. It is apparent 
that this mounting is capable of being easily moved and put into a 
strong position in a very short time ; and this, as noticed above, 
might make this mount very valuable in the general store of reserve 
pieces in a besieged place. The coming into action with the 
horses hooked in may be regarded more as fun than serious purpose. 
The skirmishers and supports would spread and shoot down the 
horses and men outside the cupola, especially in the case of ^^ action " 
to " right " or "left." Moreover the piece could not advance, retire, 
or come into action at the rate required for a piece to work in the 
field. 

A 3*7 cm. (l'46in.) 23-calibre quick-fire gun, in movable shielded 
znoimting, was then limbered up and brought into a permanent 
position, consisting of a pit of full depth to cover it, lined with wood, 
and afterwards taken out of it. This design is shown in Figs. 17 
and 18 {Plate III.). The hood of this mounting is the one which as 
mentioned above had been fired at with an 8*2 cm. gun at 1,500m. 
range and struck three times, slight indents only being made. 

Saturday's work (September 27th), began with an operation on 
which the value of the heavier shielded mountings greatly depends, 
namely, the erection of one of them in a pit made for it. The one 
selected was that for 1 2 cm. ( 4*72in.) howitzer of thiiteen caUbres (see 
Fig, 19, Plate III.). The simplest mechanical means were purposely 
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employed, consisting of a travelling crane made by an erection of fir 
poles in the form of a sort of gin, with four feet stnding on to two 
trucks, which moved on parallel lines of rails. A differential pulley 
was suspended to lift the pieces of the mounting. The heaviest lift 
is 1,900 kilogs. (1*87 tons), being the hood or cujwla roof pieces, of 
which there are two, the hood being in this case made in two thick- 
nesses. The entire weight of the mounting is 17,000 kilogs. (16-73 
tons). Six men performed the entire work. They commenced at 
9*42, and completed it by 11*30, having occupied one hour and forty- 
eight minutes. 

The main questions in all these designs are the ease of working 
and the strength of mounting. The large turret for the two 15 cm. 
guns, revolved once, when its momentum was overcome, in eleven 
seconds, but generally slower, as twenty-two to forty-two seconds. 
The 21 cm. mounting, two revolutions in twenty seconds. 

The follo^wing remarks suggest themselves on the whole trial and 
exhibition of Gruson materiel. First as to the turrets and heavy 
shielded mountings. The mechanism is excellent. The ease with 
which the heavy shielded mountings are worked is only to be under- 
stood when it is borne in mind that they revolve on a central pillar, 
so that there is a great leverage against friction. Their behaviom* 
under fire appears to be very good. There is a space between the 
edge of the hood, or cupola top, and the glacis plate or ring round it 
varying from about IJin. in the large turret for the two 15 cm. guns 
down to about \in. in small mountings. On firing, the hood is forced 
against the edge of the glacis ring, but there is little apparent 
violence or bad effect either on mounting or on the accuracy of the 
shooting. The 12 cm. mounting was erected very easily, and 
certainly might be despatched and put up at night under favourable 
conditions at any desired spot previously prepared for it. Where 
any kind of rails existed, the opei-ation would be specially simple. 
The element of resistance of the cupola roofs was not tried here, but 
it has been tested at Bucharest and elsewhere. Smokeless powder 
is held by some to have rendered it so easy to conceal the position 
of a gun, and to have detracted so far from the value of protection, 
as to make it questionable if the money needed for the latter is a 
good investment. 1 his in a measure is true, but it is suggested that 
it does not apply to the case of systematic attack such as is employed 
in sieges, when all positions become known and attacked almost as 
accurately as if seen. The partial destruction of the sluice 
completely concealed in the ditch in Strasburg, by curved fire in 
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1870, may be taken as an instance of this occurring in actual war. 
Here, then, it is suggested that protection is of even more importance 
than concealment, and the cupolas and mountings exhibited at 
Tangerhutte certainly aiford very complete protection, as well as 
being difficult to see, and it would take so enormous an expenditure 
of fire to destroy them, that probably they would remain serviceable 
until they should be captured. It has been objected that the man 
directing the fire in the shielded emplacements is boxed up too 
closely, and that in some of these a small " Admirable Crichton " 
would be needed to work with success, and that it is a mistake to 
endeavour to afford absolute security to any one. This objection is 
reasonable, but it would be perfectl}' easy to give the smaller hoods 
manholes in the roof, so that if needed the man could raise his head 
and look out for an instant. They existed in the Bucharest cupola, 
and there is one in the turret for the pair of 15 cm. guns. It has 
also been objected that nuts and bolts exist, which might be 
dislodged and form dangerous langridge. This applies chiefly to 
portable steel constructions, but the impression that this is character- 
istic of Gruson's designs appears to be a mistake. Even in the 12 
cm. shielded hood, which is made in two thicknesses, screwed 
together for the sake of portability, the bolts could not fly into the 
interior, seeing that they end in a decreased screw which hardly 
reaches to the interior surface of the inner cupola. Of course, this 
objection cannot be urged against chilled iron shields whose special 
characteristic is the total absence of langridge. Details, such as 
position of bolts, ventilating holes and the like, might be varied at 
any time. It may be noticed that the report of discharge of the 
gun is surprisingly little heard inside a shielded mounting. In the 
practice made at targets at Tangerhutte, there was, in the judgment 
of some of those l>est qualified to speak, great room for improve- 
ment, and the same is true of some of the operations, such as getting 
a portable shielded mounting out of its counter-sunk position. No 
one, however, would go all the way to Magdeburg merely to see 
accurate target practice, which is only material so far as concerns 
the efficiency of the guns. For example, if the oscillation or 
vibration of the guns fixed in the hoods had affected the practice, 
there would have been a valid cause of objection. This was not the 
case, and errors in setting fuses or time lost in getting the exact 
range do not concern us. In conclusion the most remarkable design 
and features exhibited may be repeated : — (1). Simplicity, efficiency, 
and speed of the quick-fire gear. (2). The poAver of the quick-fire 
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field guns when the recoil was checked. (3). The nave b 
employed. (4). The power of heavier guns on naval mounti 
where automatic recovery took the place of non-recoil. (5). 
behaviour of the movable shielded mountings dragged by horses, 
got in and out of gun pits. (6). The erection of the heavier s 
and gun mounting in 1 J hours. (7). The behaviour of the hea 
guns in the hoods or cupola tops, which were held on a centre pi 
and rested loosely in their surrounding glacis or other rings. 

The questions involved in the engagement between ships and fo: 
are almost the same as they were two years ago. The principal n 
features are the increase of quick-fire power, and the spread of 
armour to resist it. This is specially seen in the new designs 
ships commenced in 1889, in which the secondary armament 
quick-fire guns is greatly increased and are protected by this armoi 
As mentioned in the lecture in 1888, the limited supply of amm 
nition carried on board ship is our principal element to consider 
the naval attack of forts. Quick fire enables an increased quanti 
of ammunition to be carried, as is easily seen. Speaking rough! 
the weight of gun carriage and slide amount to more than t 
ammunition carried for the piece. Thus a 6-inch gun weighs fi 
tons. The carnage slide and carriage shield platform weigh 6 to 
12f cwt, while a hundred rounds of ammunition can hardly weig 
6| tons. Consequently 170 rounds could be carried for the sam 
weight as a gun, carriage and mounting. Suppose then, that one 
quick-firing gun represents two ordinary ones, 170 rounds could be 
carried beyond the allowance for two guns, and there would be^. 
further saving in armour and in men. 
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PAPEK VI. 

OBILIZATION OF THE FORCES. 

A LECTURE DELIVERED 

By Lieutenant-Colonel J. S. Rothwell, E.A., 

A( th-e Sihod of Militari/ Enginemng, ISth Noi-ember, 1390. 



''ORB entering on the subject of the mobilization of the forces, it 
esirable tfi arrive at an understanding aa to what is meant by the 
a " mobihzation." 



What is Meant by "Mobilization." 

t is very likely that among those whom I am addressing there 
many who, during the last few months, have had some 
otiug either on the moors, in the turnip fiolda, or in the coverts. 
i sportsman, in this case, carries a certain amount of ammunition 
iself ; a reserve supply is carried for him ; his midday meal is 
ply profiled ; his night shelter is found in the Highland lodge, 
it the hall or manor house ; and so far as the game he is in 
■suit of is concerned, he is sufficiently mobilized, i.e., he can 
ow it and shoot it down wherever it may be found within the 
scribed limits. 

t is also prol)ablo that some of those present have had an oppor- 
lity at some foreign station of going after largo game. In this 
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case the sportsman must be mobilized much more completely. To 
get within reach of such game he must have the means of moving 
freely over a wide extent of country, and must, therefore, carry 
with him not only arms and ammunition, but also his night shelter, 
supplies of food for himself, and possibly for his transport animals, 
and it is only when he is thus certain of being able, under all 
circumstances, to place himself face to face with the game he is in 
search of, that he can be said to be thoroughly mobilized. 

The mobilization of an army is very similar, but here the game to 
be shot down is man. 

The arrangements and preparations necessary differ in degree 
rather than in kind from those required for a large game expedition. 

In each case the party ha« to be assembled ; arrangements made 
for the supply of clothing, food, ammunition, medicines, and so 
forth ; and for the provision of a sufficient quantity of suitable 
transport. But while two or three riflemen go out after the tiger or 
the antelope, two or three hundred thousand, or even larger numbers, 
must be ready to move against the enemy. They must be ready to 
shoot him down, or to pursue him over wide tracts of country ; in 
fact, they must be prepared " to go anywhere, and do anything.*' 
When this can be truthfully said of a militarj- force, its mobilization 
has been accomplished. I say "truthfully," for it is easy to be 
deceived as to the actual condition of an army, and many of you 
will remember how, in the earlier part of 1870, Marshal le Boeuf, 
then the French War Minister, assured the Emperor that the army 
was i)erfectly prepared for war, and would not want so much as a 
gaiter button for a year to come. "ii7/e est archiprete" was his 
expression. 

The Germans are more cautious, and take effectual measures to 
ensure the different units of the army being in efficient condition 
when required. With this object they make each unit — say a 
battery of artillery — mobilize every year some portion of its per- 
sonnel or vmUnel. Thus in a field artillery regiment one battery 
would turn out its guns, another its wagons, others their men and 
horses, exactly as for a campaign, so that a " mobilized " battciy is 
put together complete in all particulars. This battery is then 
exercised for a short time, moved by train, etc., in presence of the 
officers and non-commissioned officers of the regiment, and then its 
constituent parts rejoin their proper batteries. The next year each 
battery mobilizes some different portion, those who turned out men 
this year supplying horses or guns next year, and so on. By this 



5 all gain experience, and Icam what a fully mobilized unit of 
own arm ought to look like. 

military force, then, is mobilized when it is, as the GermaTia s:iy, 
■■srJibercit" — reaily to move iind act — but no State attempts, to 
jtin its army permanently in this condition. All are iigreed 
the army which is first able to move and act will thereby 
1 the important advantage of the initiative in the subsequent 
tions, but even though wars do bi-eak out when they are least 
ted, it would be im(>ossible to keep an army at all times reaily 
«. The London Fire Brigade is an example of a disciplined 

kept in constant readiness for action, but to apply such a 
n to a modern army would ruin the State which trieil the 
iment. Moreover, wars break out less frequently than fires, 
iven Captain Shaw's firemen might get slack, and take more 

40 seconds to turn out, if they were kept on the alert for 
tars without any employment. 

thus comes about that under ordinary circumsfcinces an army 
ns on a peace footing, and it is only when hostilities are 
nent that it is converted into an efficient fighting machine by 
rocess termed " mobilization." 



Mobilization op Continental Armies. 

3 may now proceed to a consideration of the steps of which 
ization consists, but as our experiences in this country have 
hitherto on a very small scale, we must make use of what has 
done on the Continent as a guide for our action, in case of 
ling necessary tor us to put out our whole military strength, 
speaking of the preparations required for a large game shooting 
', I mentioned that the first thing to be done is to assemble the 
■Jinnfl " of the expedition, and in mobilization this holds a 
ii place. You are aware that in time of peace nearly all the 
of a Continental army have a weak or "cadre" establishment — ■ 
)ximate]y lialf the strength of the same units when on war 
ig — and that the exti'a men required are called up from the 
ve. These men are, of course, engaged in the ordinary occupii- 
of civil life, and the first portion of the mobilization machinery 
] set in motion is that which has to do with recalling them, and 
•ing their speedy arrival at the places where they are required. 
^1/ of Men.— In Germany, where localization has been carried 
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out very thoroughly, a given unit, such as a regiment, has its own 
special recruiting ground, and under ordinary conditions is quartered 
at no great distance from this district. The reserve men for such a 
regiment are, therefore, within easy reach, as on the completion of 
their service in the ranks they, as a rule, had returned to their 
places of birth, and when the order to mobilize is received these 
men can rejoin the colours with a minimum of delay (certainly 
within two days after the receipt of the notice), and resume their 
military duty in the same regiment, and often in the same company 
in which they had served previously. 

This German system of localization, on which a rapid mobilization 
to a great extent depends, is not earned out so completely in any 
other country, though all nations endeavour to copy it. France, 
especially, has made gi*eat efforts in this direction, and the existing 
mobilization arrangements in that country are a great improvement 
on the system of 15 years ago, and immeasurably above what went 
on in August, 1870. 

At the time of the outbreak of the Franco-German war, the rule 
in France was that reservists, on being called up, should proceed first 
to the headquaiiiers of their recruiting district, being sent thence to 
the regimental depot to be equipped, and after that joining the 
regiment. As in many cases there was no connection whatever 
between the recruiting district, the dep6t, and the station of the 
regiment, it resulted that men were travelling all over France before 
they could take their places in the ranks. For instance, in July, 
1870, the 26th Regiment, belonging to the 6th Army Corps, which 
was in the east of France, had to draw most of its reservists from 
the department of the Moselle. But the dep6t of this regiment was 
at Cherbourg, whither these reservists had to go to receive their arms 
and equipment, and by the time they had made their way there and 
back, Metz, where the regiment now was, was invested, and they 
never joined it at all. 

The delay caused by thus sending men backwards and forwards 
was so great, that early in the French mobilization the War Minister 
issued fresh orders, cancelling those which had been in force, and 
directing men, when armed and equipped at the depdts, to join 
whatever body of troops happened to be nearest. This was very 
much what President Lincoln used to call " swapping horses while 
crossing a stream," and the result of the new order was greater con- 
fusion than ever. Regiments did not know where to look for the 
extra men required, and were sent to the front in many cases without 
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g roceived sufficient reservists to bring them up to their estab- 
ent, while the depots became crowded with men who could not 
iposed of, for no one knew where they were to be sent. Thus 
id the General commanding at Marseilles sending the following 
■am to Paris : — " 9,000 reserve men here. Don't know what 

with them. I shall ship them all for Algiers." 

the other side of the Rhine things were differently manned. 

ad been worked out beforehand, and as each day arrived it had 

tpointed task, to bo simultaneously carried out in each army 

The story goes that a friend, meeting von Moltke in Berlin 

the mobilization was going on, and saying : " You must be 
worke<l indeed at present," received the following reply : " Well, 
am not, all orders have gone out, I have really nothing to do." 
much for the first steii of a mobilization— the assembly of the 
-and we may now suppose that the varioua units have received 
xtra numbers required to bring them up to war strength, and 
these men are duly clothed, armed, and equipped, and that, so 
; the men are coucenied, the regiment or battery is complete. 
vpti/ of Homes. — But such a unit is still a long way from being 
M go anywhere and do anything, if it has not also been furnished 
the means of regimental transport, and if there is no organiza- 
by which the supplies of food and ammunition carried in that 
lental transport can be readily replenished ; and this brings us 
3 question of horses, harness, and wagons. 

the case of wagons and harness, it is only a matter of their fiist 
ruction and of providing storehouses to protect them from 
icr. They don't eat anything, and witli proper precautions may 
pt in store for yeara, ready to be used at any moment they may 
quired. But horses cannot be stored in this way, and therefore 
itions whoso circumstances render it probable that they may 
re a large number of horses at very short notice, have instituted 
iodical census and registration of all the horses in the countrj-, 
jwners are by law obliged to produce the animals if required, 
iispose of them to the Government on terms which are usually 
d by a commission composed partly of military men and partly 
vilians. The places to which the horses are brought to be 
cted by these Commissioners are naturally spots which are 
anient for despatching the animals to the regiments or batteries 
supplied, 
e necessary number of horses having been furnished and fitted 

harness, the varioua units may be regarded as complete in 
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themselves, and till they are they do not move. The combatants are 
at war strength, fully equipped, and with the regimental transport 
efficient, and while the various steps for their mobilization have been 
in progress, similar measures have been taken with the departmental 
services, generally styled " the train," in Continental armies. The 
arrangements for food supply arc completed, ammunition columns are 
organized, and provision is made for the conveyance of the sick and 
wounded. If all has been prepared beforehand on a thoroughly 
practical and decentralized system such as exists in Germany, the 
stores which the various wagons are to carry will be rapidly issued 
and packed, and there will be no clashing or interference. Each 
army corps district should be absolutely independent, with its own 
supply of warlike stores and medical appliances, besides having 
the men and horses necessary to make the fighting units efficient^ 
and thus mobilization should proceed with equal steps in every 
•district. 

Appointment of Staff, — But, even though every unit of every army 
■corps were complete in men, horses, and equipment, a great body of 
this sort would be like a giant smitten with paralysis without an 
<jfficient staff. Lord Wolseley has said that " the staff is to an army 
what steam is to a locomotive,'' and in Continental armies the pro- 
vision of a good staff is regarded as a very important part of the 
mobilization process. In the first place, every army corps, division, 
or brigade takes the field under the same commander and with the 
same staff officers as it has been serving with in time of peace, so 
that at such a critical time as the outbreak of war there is no change 
of system. But the removal of all the staff would interfere very 
seriously with the work which must be done after the army has been 
moved off to the seat of war, and so for every post which would thus 
be vacated there is in Germany some unemployed or half-pay officer 
detailed, and on the order to mobilize these officers would at once 
join, and assist in the work till the regular staff move away, when 
they take their places. 

When the whole work of mobilization is complete, a Continental 
army is concentrated and moved, generally by niilway, to the place 
where it is required to act, and for such an operation the time-tables 
have, of course, to be most carefully worked out beforehand. 

This, then, is the mobilization of a Continental army ; in brief, the 
raising it from peace to war footing, making it capable of moving, 
existing, and fighting at a distance from home, and transporting it 
to the scene of the operations. 
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ie required by OmtiudUal Armies to complete their MobUizaiion. — 
ready mentioned, each State endeavours to reduce the time 
utry to complete the mobilization of its forces, so as to forestall 
Iversary if possible. Thus moat nations keep part of their 
'y permanently on war footing to send them across the frontier, 
bus interfere with the enemy's preparations ; Russia keeping, 
stance, nearly 30,000 horsemen in Poland with this object. 
1S70, the orders for the German mobilization were issued on 
ight of the lSth'16th July, the telegram from Berlin being 
y ; "Mobilization according to plaa 17th July is tirst day of 
izatioD." It then took, on the avenge, seven days to mobilize 
fanlry regiment, but it is believed that this has now been 
ed to five. It would take seven days to mobilize the field 
iry, but the horse artillery would be sent off on the fifth day 
the cavalry. 

ince made an experimental mobilization of one army corps in 
{17th Gorp», at Toulouse), and the results seem to show that, 
■ favourable circumstances, her infantry would be ready on the 
1 day, field artillery on the fifth, and corps ai-tillery and train 
e eleventh ami twelfth days. 

the case of both Germany and France, it is generally assumed 
»bout six days would be sufficient, but that the German troops 
. be ready to move on the sixth day. 

are is one point of interest in this mobilization race between 
:e and Germany which I may perhaps refer to. The frontier 
letween these two countries being so strongly fortified on both 
it seems by no means impossible that the line of collision of 
ild armies will puss through Belgium. In this case it would be 
■my that is first mobilized which would violate Belgian territory, 
ertainly if Germany were to do this she would have to reckon 
the Belgian army on her flank, and detach a sufficient force to 
Uize it. It might thus be that she would allow France to make 
?8t move here, especially as the German railway system is not 
uited for a large concentration on the Lower Khine. 
regards the other European nations, none can approach France 
jermany in rapidity of mobilization. Russia, for instance, 
i require 14 days to mobilize, and thus dare not attempt to 
itrate her forces on the left bank of the Vistula, a^ long before 
I days are over, the German armies will have moved a ccn- 
ble distance into Poland. Italy in the same way requires 
21 days to mobihze. 
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We are not called on to compete in this race against time, but we 
must aim at results not very different from those which Continental 
nations have in >'iew. Our conditions of life here are, however, so 
dissimilar to those of our neighbours, that a transition from a state 
of peace ta a state of war means a much greater change to our 
military forces than it does to soldiers who are separated by no 
material obstacle from an enemy with whom they may be in colli- 
sion in less than a week's time. For this precise reason, if we would 
avoid confusion and inefficiency when the time of action arrives, 
we must make our preparations in peace time with as great accuracy 
and completeness as is done on the Continent. 



Mobilization of British Forcks. 

The mobilization of British forces may be undertaken under one 
or other of two conditions: — 1st. For an expedition to be despatched 
for operations abroad (of which we have some experience) ; and 
2nd, for the defence of the United Kingdom (of which we have 
none). 

These conditions are very different, for while in the first case our 
preparations can be made comparatively leisurely, in the second 
there would always be a feverish haste to get the work completed, 
lest the invader should be upon us before we are ready to receive 
him. 

Mohilizatian for Service Abroad, — Supply of Men, — When large 
operations are to take place in some distant land, our reservists are 
called up by orders which they receive from the officers commanding 
the regimental districts, who keep registers of the men and their 
addresses, and who have notices ready to send out. The notice 
papers, and railway warrants for the men's journey from their 
homes to the headquarters of the regimental district, are sent by 
post to the men, who are also warned by advertisements and 
placards that the reserve is called up. When the men are assembled 
at the regimental district headquarters they are medically inspected, 
and if found fit for service are sent to join some corps or depdt 
specified, where they are furnished with clothing, equipment, and 
arms. 

Units in England are thus brought up to war strength in a 
manner analogous to that in use on the Continent ; but whereas in a 
Continental aimy each battalion or other unit permanently belongs 
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some one bi-igade, division, or army corps, this is impossible with 
For if it were decided that one of our army corps should con- 
^ of certain definite regiments, batteries, departmental units, and 
I like, it wtiuld inevitably lie fouml that when that division, or 
ny corps, w:is required for service, many of its constituent i)arts 
uld be out of England, some in India, some in the West Indies 
-ha|is, or some at the Cape. 

Orgiinixiiti-in by Slalums and mil hij UnUs. — Our lighting forma- 
ne must then be organized on the Itasis of stations, and not of units, 
at is to sny, that a given brigade shall not be composed of four 
ntcd battalions, but shall consist of whatever four battalion.*) are, at 
i time, quartered at certain stations. 

The reservist then joins the headquarters of the regimental dis- 
ct, and from it is sent, not to his old regiment, but to the 
pment or corps which happens to be at the particular station 
lich it is tlie duty of that regimental district to supply with 
en'e men. He is then clothed and equipped, the arrangements 

this beintr its follows. 

Il^iir Oaljit of Troops. — The war outfit of troops is Beparated into 
■ee classes, \\z. : — 

rhe personal outfit — consisting of clothing, necessaries, arms, and 
loutrements. 

rhe first regimental outfit — consisting of cooking utensils, 
tchery impiements, entrenching tools, signalling equipment, etc., 
i the vehii:lt!S in which these are carried. 
rhe seeoml regimental outfit — consisting of ammunition, vehicles 

carrying it, supply wagons, ambulance wagons, and water carts. 
Jf the |>ersonal outfit, the clothing and necessaries are kept at 
nlico, and on the order to mobilize, the proper amount of these 
1 be at once despatched to each of the mobilisation stations ; the 
ention Ijeing that these articles shall be received l>efore the 
ervists arrive from the regimental district headquarters. 
rhe rest of the personal outfit, viz., arms and accoutrements, are 
A at the mobilization stations in charge of the Ordnance Store 
j>artment. 
rhe first regimental outfit is also at the mobilization stations, but 

second, i.i:, the ammunition, etc., would not be so immediately 
iiired, anil is, therefore, stored in larger quantities at other and 
re centrally situated stations. 

A'heii the virious units are fully equipped, they are sent by rail 
:he port of embarkation. 

i2 
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It has been argued that the largest force which we can send 
across the sea for military operations will amount to two army 
corps, with a cavalry division and troops for the line of commu- 
nications, in all some 89,000 men and 29,000 horses. These 
figures may seem small when compared with the numbers involved 
in a Continental mobilization, but it must be realized that they 
represent a greater effort than has ever been made at any time in our 
past history, and that they would tax our resources very severely. 
For the conveyance of a battalion or a battery of artillery a large 
steamer of some 3,000 or 4,000 ttms is necessary, and for a cavalry 
regiment about three such vessels would be required ; so that it has 
been calculated (and this calculation has been made by taking 
definite vessels, which were available on a given date, and allotting 
troops to them exactly as would be done for an expedition) that to 
convey one army corps, with the line of communications troops, and 
the cavalry division, to a distant port, would require 134 vessels of 
over 450,000 tons gross, or an average of 3,400 tons for each vessel. 

Large as our mercantile marine is, it is unlikely that there will be 
much more than 134 such vessels available at the same time, and, 
therefore, the movement of our second army corps must be defeiTed 
till there has been time for the ships to complete the conveyance of 
the first corps, and to return for a fresh freight. Our mobilization 
scheme for a foreign expedition should, therefore, be prepared in 
accordance with these conditions, and as soon as the troops of 
the first army corps have left their mobilization stations, their 
places should be taken by the corresponding units of the second 
army corps, to be there equipped and despatched as the first corps 
had been. 

Supply of Hoi'ses. — We have not yet touched on the question of 
the supply of horees, as for a foreign expedition this must be dealt 
with in a special manner. We naturally wish, as far as may be, to 
avoid carrying these 29,000 horses across the sea, and thus, while 
for the combatant units we must, of course, take troop horses that 
will stand fire, we generally try to obtain locally such animals as 
will answer for our regimental transport, or for the conveyance of 
stores. We also buj'- animals in other countnes, and have them 
shipped direct to the port which is to be our base of operations, and 
so it happens that in any expedition of ours it will generally be some 
time after the arrival of any given imit in the theatre of war before 
it can be pronounced marschbereit — ready to go anywhere. 

All these delays, the comparatively leisurely preparations in the 
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instance — the time require^l for securing and fitting up the 
eh — the vnvi^e — the waiting at the base — t«nd to make ns r^ard 
ilization an an end which is to be reached by slow and deliberate 
! ; but elich A view would have a serious, if not a fatal, influence 
were applied to our preparations for an impending invaaion. 
tilnlUiUitm fur Hirnie Defence. — It is not within our province on 
jraseut occasion to discuss the question whether the invasion of 
land is or xa not a feasible military operation, but we may be 
3 sure that one of the most direct ways of rendering invasion 
ble is for ur to neglect the meaeures which should be taken to 
. it, if it were attempted. The most important step which can 
aken in this direction is the preparation for mobilizjition, and 
must be done in time of peace. If we ever are invaded, it will 
nthout much warning, and by a considerable force, and when 
nvader hiis reached our shores it will be too late to begin to 
i plans for !>ringing up our forces to discomfit him. 
'.pj^yof Mfit. — In the event of a mobilization for home defence, 
irsL step inufli; be, as it was for a foreign expedition, the assembly 
e men, and this brings us to a point of considerable importance, 
the establishments of the various units. In France or Germany 
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e war establishment for any given unit. A battalion, 
an engineer company, when on war footing, wiU 
nctly the same number of men, horses and carriages, 
.r is to be oflfensive or defensive ; but with us there is 
in any arm which has the same war establishment, 
defence an<l for service abroad. This is due to the 



i^nce between the conditions under which the war would be car- 
on in tlie two cases, the general result being that for home 
ce troops have less train, as tents and a number of other im- 
nentji are dispensed with. An infantrj' battalion, for instance, 
1 mobilized for service abroad has 16 vehicles with it, but when 
ome defence, has only nine ; and in the same way an engineer 
company has 10 at home instead of 13 for service abroad. The 
ter of horses and drivers vary, of course, with the number of 
lies, and our mobilization arrangements are in this respect made 
! complicatetl than those of a Continental power. 
e Aiijiliarij Forcen. — Biit if ever we have to mobilize for home 
ice, it will probably be at a time when a considerable ])ortion of 
re^.'ular ai-my is engaged abroad, and therefore our auxiliary 
s — the militia and volunteers — would certainly be rcqiured to 
a part. 
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It was in the year 1859 that the weakness of this country against 
invasion was so clearly recognized as to lead to the formation of the 
volunteer force, and since that date the enormous development of the 
armies of the Continent (see table below) has caused this force to be 
maintained and improved. The militia have always been regarded 
as a force available to replace or reinforce the regulai* army, but 
what position did the volunteers hold formerly ? For the first 
twenty-five years of their existence, at all events, they were a force 
of some 200,000 men with no organization beyond the battalion, 
and without any definite connection with any scheme for defending 
the country. 

In the happy-go-lucky way in which military affairs have sometimes 
been managed in this country, it was said *'0h yes, we have got the 
volunteers, and they will defend the country"; but how these 
200,000 men with muskets, scattered over the length and breadth 
of England, were to be usefully employed against an invading army, 
seems to have been regarded as a problem which it was nobody's 
business to solve. 

Problems like this do not solve themselves, and though public 
attention was aroused by the events of the Franco- Pnissian War, and 
a good deal of interest excited by the picture of our unrea<line$s, as 
displayed in the B(Me of Din'kiiig^ which appeared in 1871, it is 
only within the last five years that any real steps have been taken 
to remedy the state of things which then existed. 

It is satisfactory to think that now each unit of the volunteers 
would know what is expected of it in case the prospect which 
called the force into existence should become a reality. For home 
defence we have now got a practical scheme in which the regular 
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<\is, the militia, the yeomanry, and the volunteers have each a, 
nite j)luce. The militia units would be equipped and mobilized 
Ls to take their places in the fiel<l army, the volunteers would 

be equipped and mobilized to att extent sufficient to eniible 
u to occu])}- a given position, and to hold it for a long period if 
lireii. 

'he hero of the tattle of Dorking, you may perhaps remember, 
iin the campuign with a kit consisting of a mackintosh coat and 
null pouch lit tolwcco, and he dedcnbes how at first bis battidion 
i left for tHX) days without food, and when at last the rations 
ved by train, there were no carts to carry them to the battalion ; 
r, though there was an abinidance of bread, meat, and tea, there 
i not a kettle or a cooking pot, and they could not make any 
per (ires, as they had nothing but their {)enknives to cut wood 
h. This via* by no means an exaggerated sketch of what would 
'e been the result of calling on the volunteers to take the field in 
se (lays, but now the wants of the men have been, to a great 
ent, provided for, and many corps have had some experience of 
np life. 

\t all events, the volunteers are now assigned a definite share in 
! defence of the country. They are not meant to manoenvi-e and 
It in the first line, but they arc intended to hold fortresses and 
d works, and thus set free regular troojB to form the active 
ay. 

^lipp/i/ 'if Hi'fsa, — In a mobilization scheme for the defence of 
gltnd, the number of horses necessary is, of course, much less 
.n is required for a force of the same size abroad ; for instance, 

urmy corps in the one case has 10,068. and in the other 6,76'}, 
; still it is absolutely necessary to ai-i-ange before-hand for the 
impt supply of whatever numbers ma.y be needed. We have seen 
,t ahi-oad this ia managed by reqiiisition, but as it is not desirable 
impress horses, if it can be avoided, and as it might be difficult — 
not imjwssible — to obtain horses by importing them from other 
Hitries, we have adopted the plan of inducing owners in this 
mtry to register their horees as for sale to the government, if 
[uired. For each horse so registered the owner receives lOf-. a 
ir, and at the present time we have over 3,000 riding horses nnd 
ir 10,000 draught horses, secured for military use in this wiiy, 
luld an emersency arise. 

fhe horses would be collected at certain stations selected by the 
[jettor-tjeneral of Remounts, and each unit would send to one of 
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these stations a party to receive the horses necessary for its transport, 
and bring them by train or road to the station occupied by the unit — 
the battalion or engineer company as the case may be. The horses 
are here fitted with thl)ir harness, which forms part of the first 
regimental outfit, and then pai*ties are despatched with the horses 
and their harness to the stations where the carts, etc., of the second 
regimental outfit are stored, and the carts are then moved away to 
join the unit, which will thus have its equipment complete. 

It was formerly considered desirable to have most of the vehicles 
necessary for a mobilization stored at Woolwich, or else at some ix>rt 
at which troops would embark for foreign service, but it is now 
thought preferable to form numerous store houses at convenient 
inland points, so that the wagons and other stores may be easily 
accessible to the troops when they require them, whether it be for 
service abroad or for home defence. 

Appointment of the Staff, — One other point remains to be referred 
to, viz., the Staff. In a Continental army every commander and 
member of the staff has a very good idea of where and how he 
will be employed should a war break out, but with us it is very 
different. If we engage in a foreign expedition, all is arranged 
specially for that occasion, and no one can foresee his share in the 
campaign and prepare for it by previous study. But for home 
defence something might be done in the way of preparation, and the 
country lying at our doors might be even more studied than it is, and 
its military features carefully observed. In connection with this 
part of the subject, I may refer to a point in which your corps is 
especially concerned — I mean the supply of maps. 

The one-inch map is excellent, and if only the country would not 
change so fast, would be perfect, but the existence of the best map 
in the world is of no use, unless a sufficient number of copies are avail- 
able on mobilization, and certainly every commander of a unit, such 
as a battalion, battery, squadron, or engineer company, should be so 
supplied. It is also important that the map issued should be that of 
the proper district. In 1870 the Depdt de la Guerre took great 
pains to furnish the French officers with maps, and immense quanti- 
ties were sent to the troops when they were mobilized, but all the 
maps were of the country beyond the French frontier, and as no 
others were available, the French were absolutely without any maps 
of the country in which they were operating. 

Condusum, — In concluding this sketch of the mobilization of the 
forces, I would commend to your serious consideration all that would 
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leant hy this term, if employed with reference to a hostile 
lion of this country. Mobilization under these circumstances 
il >te carried out under conditions of grave national peril, and 
lefciisive strength of the country would lat^ely depend on the 
icr in which the mobilization of the available force is carried 
There may be such things as Heavon-bom generals who can 
troo[>s to victory without previous study or preparation, but it 

l>e safely .iffinned that there is no such thing as a general 
l»le of rapidly mobilizing an army if the d^t^iils of the operation 

been previously neglected. The study of these details comes 
in the province of all. While it is tho duty of the staff at 
quarters to prepare schemes of mobilization, these schemes 
ot be intelligently carried out without the co-operation of the 
ocnul officers. Every officer ought to realize what his duties 
respon^bilities would be in case of a mobilization for home 
ice, and if he belongs to a combatant unit, he should know in 
bs details how that unit is to bo mode complete in what it 
ires for talking the field. 

is, perhaps, too much to expect that ofUcers generally will take 
inch trouble about what they regard as a very remote contin- 
y, hilt if those who are among the representatives of the brain 
le army wish fully to understand what is meant among Con- 
ital nations by a " mobilization of the forces," they should study 
euce time the work which would fall to their personal share 
I invasion of England were immediately impending. 



PAPER VII. 

YDROGRAPHIC SURVEYING. 

By Staff-Captain T. H. Tizard, li.N. 



: principal difference between marine and land surveying is that 
greatest [wit of the area requiring investigation in the former 

presents a level, unbroken surface, so that no idea can be 
led as to the time required, or the difficulties to be met with, in 
jarticular piece of work, unless it hag been already surveyed, 
merely requires to be re-sounded to ascertain what changes are 
regress. The laborious and monotonous work of sounding alone 
:Us the inequalities of the ground beneath the surface of the sea, 
this is laborious not only to the men actually employed in the 
cisc of their physical powers in constantly heaving the lead, and 
ing in the lead line, but also to the surveyors, for it is only by 
ite attention and watchfulness that cannot for a moment be. 
led, that soundings are obtained in the desired positions and 

the requisite accuracy. I venture to say that no one who has 
hail personal exjjerience of the labour and trouble required to 
id accurately a given area can form an idea of the patience and 
■hfulness given to this work, and it must be borne in mind that 
Hist be oiitirel}' executed by responsible officers, for mistakes 
LOt \ie readily rectified, and if made may lead to serious disaster, 
1 with the utmost care it is hardly possible to detect every 
uality at the Ixittom ; for instance, boulders or pinnacle i-ocks, 
1 when known to exist, cannot sometimes be found by the 
nary process of sounding, and have to be swept for; and instances 
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have been known where it has been necessary to send a diver down 
to place the lead on the top of a rock before the depth over it could 
be satisfactorily ascertained. 

Soundings may, generally speaking, be divided under two heads : 
1st, the aacertuitiing the depth of water ; and 2nd, the ascerUining 
the precise poeition of the sounding. 

The method of obtaining the depth depends greatly on the depth 
itself. It will readily be nnderstood that the process of attccrtaining 
the depth in shallow water is an easy matter, and that in ocean 
depths of above 1,000 fathoms it requires considerable care and skiU, 
and, consequently, that the difficulties and time occupied increase 
with the depth. The usual method of sounding is to attach a 
weight called a lead to a lino and lower it to the bottom. In all 
ordinary vessels the leads and lines are of two kinds, the hand and 
the so-called deep-sea. The hand lead weighs about 14lbs., and is 
attached to a line of about 2f) fathoms in length', marked in the 
following manner : — At 1 fathom there is a piece of leather ; at 
two fathoms, 2 pieces of leather ; at 3 fathonis, 3 pieces of 
leather ; at 5 fathoms, a piece of white bunting ; at 7 fathoms, 
a piece of red bunting; at 10 fathoms, a piece of leather with a 
hole in it ; at 13 fathoms, a piece of blue bunting; at 15 fathoms, a 
piece of white bunting ; at 17 fathoms, a piece of red bunting; and 
at 20 fathoms, two knots. 

It will thus be seen that there are no marks at 4, 6, 8, 9. 11, 12, 
14, 16, 18, and 19 fathoms. The fathoms with murks at them are 
named marks, and the others dee)>s ; and the leadsman in ordinary 
vessels calls the soundings accordingly, guessing the depths to quarter 
fathoms, thus by the mark five, or the deep six, at the even 
soundings, and calling the quarters a quarter less five, and a half 
live, quarter less six, etc. 

This system of marking the hand line is far too rough for any 
surveying work, and accordingly we mark our lines to feet up t« 
10 fathoms, and afterwards at every fathom, but to simplify the 
markings for the lea<kmen, who are all taught in their training the 
marks in use in ordinary vessels, we adopt, as far as possible, those 
marks, adding others; thus at the 1st and 3nd fathoms are the 
leather marks ; at 3, 9, and 13 fathoms, blue murks ; at 5 and 15 
fathoms, white marks ; at 7 and 17 fathoms, red and blue marks ; 
at 4 fathoms, 4 pieces of leather ; at 6 fathoms, a blue and white 
mark ; at 8 fathoms, a red and yellow mark ; at 11, 12, 14, 16, 19, 
and 19 fathoms, single knots; then every half fathom has a small 
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of red, and the 1, 2, 4, and 5 feet between the fathom marks a 
of kiiotte<1 marline ; and the leadsman calls tlie soimdings to 
thus three, two, means 3 fathoms and 2 feet ; five, four, 
loms and 4 feet, etc. 

e so-called dee|>-eea lead in ordinary ships consists of a weight 
out 2811)6. attached tu a line 100 fathoms in length, which is 
sd to every 10 fathoms above 20 fathoms, bnt which we mark 
sry fathom. 

nous instruments have at different times been invented to 
Ain the depth also. The three most useful and prominent of 
are, for ordinary depths, Massey's sounding machine, Burt's 
r and hag, and a pressure gauge originally invented by 
m and since modified by Sir W. Thomson and Mr. Bassnett 
ssey's machine, invented about 1820, is simply a clockwork set 
otion by a rotator, which revolves freely as the instrument 
nds, bnt is caught by a catch when it is being hauled up. Like 
her instruments it is not perfectly accurate, but should have its 
I ascertained by being lowered to given depths, when it may be 
ly relied on, 

rt's nipper and bag is an excellent arrangement ; it is simply a 
with a strong spring kept at the surface of the sea by a bag 
f air; the lead line passes between the spring and the roller, 
nns freel}'' between them in one direction, but cannot be hauled 
; as the lead sinks the bag is kept perpendicularly over it, and 
xjrs the true depth. 

th Massey's machine and Burt's nipper were most useful in the 
of sailing vessels, when it was almost impossible to get a good 
ling in depths above 20 or 30 fathoms, owing to the drift of the 
but they are not of ao much use now, as it is easy to keep the 
perpendicular from a steamer, and, moreover, hemp lino for 
lings over 20 fathoms has, of late years, been almost super- 
I by fine wire. Here the pressure gauge is of great use in 
ary navigation ; of these there are two in use, Sir \V. Thomson's 
Ur, Bassnett's. 

using wire for sounding in ordinary circumstances the depth 
be recorded by a clockwork arrangement attached to the 
le of the drum on which the wire ii. reeled ; but as this 
res the ship to be stationary, as in sounding with the hemp 
and as, moreover, unless the wire be prevented running out 
the leail has reached the bottom, it is very likely to kink and 
in ordinary navigation the wire is generally used when the 



ship is steaming through the water, and a pressure gauge att-itlied 
to reconl the depth. The ordinary pressure gauge of Sir \V. 
Thomson consists nf a glars tube chemically marked inside ; ns the 



Sir Wiliiam Thom-Kni'i Pretmae Gaugt. 



depth increases so the pressure increases, and the water is foived up 
the tube, compressing the air inside, and washing off the clit^mical 
substance with which the tube is lined. When brought to the 
surface the compression of the air due to depth is shown by tbe 
amount of red washed off, and the depth ascertained by placing a 
prepared scale against the top of the tube. It will thus be seen that 
a fresh tube is required for every cast of the lead. To avoid this 
difficulty Mr. Baasnett, of Liverpool, invented a pressure gauge, 
which consists of an overflow tube inside a lai^er one ; the iral«r 
being forced up the overflow tube falls down into the snrroiiuding 
tube when it reaches the top of the inner one, and conseiiueiitlj 
records the amount of pressure and the depth. When l>rouj;ht Co 
the surface the outer tube can be emptied by opening a valve at the 
bottom, and the recorder is ready again for use. Sir Williom 
Thomson has lately invented another instrument, which he has 
named the depth recorder. This consists of an air-tight cUiniltr, 
in which is a moveable valve attached to a piston, the other 
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the ]iUton being fastened to a spiral spring at the bottom. 



Jfr. BameU't Prtumrt Oanye. 
ressure of ttc^watcr^forces up the valve into the cylinder, but 
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the height to which it is forced is regulat«d by the spriug heoeath ; 
the piston is graduated, and has a moveable index, which records the 
depth. 

None of these instruments can, however, be considered as such a 
satisfactory method of recording the depth as a perpendicular cast of 
the lead. First of all, in water under 10 fathoms deep the soundings 
can be registered to feet by the lead line, and even to half-feet 
if necessary, and can be obtained as quickly as is compatible with 
hauling in and heaving the lead, thus saving any time required to 
read off an instrument, and secondly, the graduation of the pressure 
gauge allows such minute space for each fathom that it is not easy 
to tell the precise depth ; moreover, in using them with the wire 
sounding line, when it is usually necessary to keep some way on the 
ship to prevent a kink, the ordinary method of knowing when the 
bottom is reached, viz., by touch, is not available, and the only 
means by which the navigator may be certain his lead has reached 
the bottom, and that his apparatus is consequently recording the 
true depth, is by bringing up a specimen of the bottom, which is 
usually done by fixing a bit of tallow called the "arming" to the 
bottom of the lead. When the ground is hard the tallow often 
comes up clean, and the result is consequently doubtful. 

In Biu-veying vessels, instriunents for ascertaining the depth are 
seldom used. 

The method of heaving rfie lead is for the leadsman to stand on a 
platform on the side of a ship, or boat, and throw the lead sufficiently 
far forward for the line to be perpendicular when the spot where the 
lead entered the water is underneath him by the time the bottom is 
reached. The speed of the vessel, and the distance it is necessary to 
heave the lead, are regulated by the officer in charge, and very slow 
speeds are kept up, or the depths would not be obtained in sufficient 
numbers. In depths of from 30 to 1 00 fathoms the ship is usually 
brought head to wind and stopped, so that a perpendicular cast may 
be obtained. The lead lines in use are kept constantly wet and are 
frequently measured— at least twice a day — and their errors, if any, 
recorded and allowed for before the soundings are plotted. At 
frequent intervals specimens of the bottom are brought up, and 
their nature also recorded for entry on the chart, so that the navi- 
gator may know what sort of ground he may expect This is the 
usual method for depths under 100 or ISO fathoms, but for ocean 
depths special arrangements are required, and steam power absolutely 
necessary to ensure accuracy. 
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he plao origiiially tried by the early navigators to obtain 
idings ill the open sea was to prepare a reel of continuouB spun 
1 of from 5,000 to 10,000 fathoms in length, and to attach a 
iber of t^hot to the end, and let it run out until the bottom was 
heil. Experience soon proved that no satisfactory rosulte could 
ibtaineil from a sailing veasel itself, as the heave of the sea, or a 
;7X springing up whilst the weights were descending, caused the 
' to drift iiMiiy from the spot where the weights were let go very 
dly. After a time the experiment was tried from boats, the reel 
ine being phiue<l in one boat with the men to attend it while it 
running out, whilst a second boat took the sounding boat in tow 

kept her in [position over the descending weights. It seems, 
ever, that the seamen of that day lost sight of the fact that the 
would not ciiase to run when the shot reached the bottom, as 
3wn weight was sufficient to cause it to run, and consequently 
irts were iriinle that no bottom had been reached with 5,000; 
'0, Hiid even 1(1,000 fathoms, giving rise to the poetical idea of 
ocean's " unfuthomable depths." The idea of "unfathomable 
;hs" was bj- no means confined to the ocean, for some lakes were 

said to be unfathomable. I remember, when employed in 
eying the inland of Pantellaria, in the Mediterranean, the 
ernor there i^id that a small lake on the island was unfathoni- 
. and we re^ulved to test this statement, the result being thai 
here coulil we find more than seven fathoms, 
efore long it was, however, discovered that by timing the rate of 
ent of the line at each 100 fathoms, or loss intervals, the moment 
weights leached the bottom could be ascertained with accuracy, 
Ithough the line did not cease running its rate was sensibly 
nished, and Sir James Ross, in the Erebus and Terivr, in 1840, 
e some excellent observations on oceanic depths, his deepest 
ding being 1,000 fathoms. In none of the earlier attempts was 
endeavoui- made to bring np a specimen of the bottom, the line 
g invariably cul after the shot reached the groimd, bnt the bold 
. in 1857, of connecting England and America by a submarine 
3, necessitated a knowledge of the depth of the ocean and nature 
he bottom l^etweeu the two countries, and various sounding 
.ratus were designed to accomplish the object, some of which 
Lhihit here— Brooke's rod, the "Bulldog" clamp, Fitzgerald's 
line, the H>dra rod, and the Baillie rod, the latter being the 
ument mosi generally used now by our surveying officers. All 
instruments have one common object, i.e., to disengage the 
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Toights or sinkers directly the bottom is renched, aii<l to bring up 
as targe a specimen as practicable for examination. 

Up to 187+ hemp rope was entirely used to measure the depth 
and bring back the instrument to the surface, and the weight of the 
sinkers necessary depended greiitly on the size of the rope, though 
not entirely, as it was found that by marking the line very carefully 
the friction in passing through the water was very much rednced, 
and that consequently less weight was required to get a given 
speed of descent. 

About 1S74, wire began to be used for deep-sea sounding, and as 
it requires far less weight of sinkers, it has gradually been adopted 
as the l)est means of ocean sounding, though the hemp rope has not 
been entirely discarded, for owing to the liability of the wire to 
kink and break if there is much motion on the ship, it is often not 
advisable to attach valuable instruments to it when other informa- 
tion in addition to the depth is required. For instance, it is always 
advisable to ascertain the temperature of the water at the bottom, 
and to sometimes bring a specimen of that water to the surface for 
examination ; and it is also highly advantageous to ascertain the 
temperature of the ocean at difTerent depths, which is done by 
attaching a uumber of thermometers at given intervals to the 
sounding lines. As these instruments are expensive, it is well not 
to risk their loss by any chance of the lino parting. 

In a former lecture, delivered here in February, 1886, I have 
described in detail the method pursued in the Challmger in ocean 
sounding and temperature observations, and, therefore, it seems 
hardly necessary to repeat that now, as the lecture is published in 
your Occaxumal Papers, but I exhibit some of the instruments used. 

I may point out though that we are now beginning to have a fair 
knowledge of the depths all over the world, as the accompanying 
general chart shows ; the deepest authentic sounding yet obtained 
is -1,600 fathoms, and there are but few places where the depth is of 
or above 4,000 fathoms ; the general depths arc from 2,000 to 3,000 
fathoms. We are also beginning to have a fair knowledge of the 
deposits on the Hoor of the ocean. A considerable portion of the 
bed at the bottom consists of a white ooze, which, when examined, 
proves to consist of microscopic shells rained down from the fora- 
minifora (principally globegcrina) ; living in large quantities on 
the surface, the shells fall down to the bottom, when the animals 
die. But it is a curious fact that in depths above 2,500 fathoms few, 
if any, globegerine shells are found, although the animals are quit« 
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lumerouR at the surface. There the bed of the oci 
cipally of a red clay. 

aving thus described how soundings are obtained, I must point 
that it is always necessary to reduce them to a common standard 
le depth in every position varies constantly with the rise and 
of the tide. In the open ocean the tidal wave never exceeds 
et, and can consequently Ije overlooked, but directly the tidal 
B meets with any considerable obstmction it becomes abnormal, 

is heaped up to 10, 15, 20, and sometimes to 40 and 50 feet ; 
efore, in sounding coasts or harbours, etc., the condition of the 

must be constantly observed, and the depth obtained reduced 

common standard. 

he Btandanl adopted by the Hydrographic Department of the 
liralty is the low water of ordinary spring tides ; this has to be 
rtained for each particular survey, and the height of the tide 
st«red at short intervals during the whole period the sui'vey is in 
tress, so that tidal cui-ves may be drawn which will allow the 
■dings as they are taken to be reduced to the adopted standard, 
tself it would seem to bo a very simple matter to ascertain the 
im point of low water, but the rise and fall of the tide is 
lenced by such varying forces that it is by no moans so simple 
j seems. Theoretically, each tide rises and falls equal distances 
•'e and below a fixed line known as the mean level of the sea, 
ch is always 8up|x«ed to be constant, but in reality the mean 
I is subject to great variations ; for instance, the atmospheric 
sure infiueuces it, for with a high barometer observation proves 
i the mean level will be lower than with a low barometer, 
dng about a foot in height for an inch of mercury, which is, of 
w, quit« natural ; again, the mean level is difTerent at different 
one of the year, the difference in some places amounting to as 
h as two feet (notably in some ]|iarts of Australia) ; it is also 
tfy influenced, especially in estuaries or narrow eeas, by the 
1 ; in the Thames, for instance, a S.W. gale has been known to 
e the tide to fall four feet below the calculated low water, and a 
J. gale produces a contrary effect, and there are other disturbing 
ee which produce some effect, though comparatively slight ones. 

first thing we do, then, in original work, is to ascertain the 
a level of the sea for the [particular period of the year in which 
survey is executed, then by applyiiig half the range 6£ a spring 

to the mean level, we have the low water of ordinary springs. 
M)urse, to ascertain with accuracy the mean level of the sea at 
• K 2 
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any particular place, tidal obsen'ations should be takon da}- utd 
night for at least a yo&r ; this is unfortunately rarely practicable, 
but in Older to make HUrveys executed at considerable intervals of 
times comparable, it is customary to refer the datura adopted for 
the reduction of the soundings to some fixed jwint on the shore; 
for this purpose a rock that covers and uncovers at a given height 
on tbe tide pole is valuable ; sometimes a mark is cut in on the 
rocky foreshore, and in this country the datum is referred to a. 
dock sill in the vicinity, or to one of the Ordnance bench marks, so 
that when re-sounding rivers and harbours in the United Kingdom, 
or banks close to the shore, there is no difficulty in reducing the 
depths to the standard used previousl}'. 

The tidal wave, or undulation, must not be confounded with the 
tidal stream or ebb and flow, which is quite a different thing. It is 
customary to name the tidal stream flood when the tide is rising, 
and ebb when it is falling, and in rivers and harbours the stream 
often does run in one direction with a rising tide, ami in the opposite 
direction with a falling tide, hut this is by no means the case on 
open coasts, or in estuaries and straits. 

When sounding banks and channels at some distance off the coast, 
where it Is impracticable to erect a tide pole, an empirical method of 
reduction has to be adopted ; for instance, we lia\ c been in the Triiun, 
for some seasons now, engaged in sounding the banks and channels 
between Flamborough Head and Cromer, and the method we have 
adopted to find the times of high and low water, and the rise and 
fall, are as follows : — At Flamborough Head it is high water at 4.30 
at full and change of the moon, the rise and fall at springs being 
16 feet, while at Cromer it is high water at full and change at 
seven o'clock, the rise and fall at springs being 15 feet. If a line he 
drawn from Flamborough Head to Cromer, and divided into five 
parts, assuming the pragress of the tidal wave to be uniform, we 
have the positions whore the times of high water at full and change 
will bo at 5, 5,30, 6, and 6.30 o'clock, and the rise and fall may be 
considered the same along that line, as it is 16 feet at Flamborougli 
Head and 15 at Cromer. 

If lines be drawn at right angles to the line joining Flamborough 
Head, at the jMtaitions named, they will fall on tlie spot where, by 
calculation, the time of high water should be the same, and thi^ 
they do almost piecisely; for instance, the line along which the 
high water should be at 5.30 o'clock cuts the coast just south of 
Spurn Point, and the high water as observed at Spurn Point is at 



o'clock, etc. To see if the rise and fall jb as calculated, we 
the depth by lead line at every hour from the ahip whilst at 
or at night, or from a fishing vessel, which was used as a mark 
in the daytime ; but the irregularities of the ground prevent 
accurate results being obtained by this moans, as the lead does 
dn-ays fall in the same place; the general result is, however, 
lerfully like the calculated. 

e had, also, in 1889, a further opportunity of testing the 
•acy of our calculations, as a steam vessel sank, after collision, 
1 miles west of the outer Dowsing light vessel, and as her 
3 showed abova water, the Trinity House Superintendent of the 
ict, at my request, nailed a tide pole to one of them, and caused 
people on board the light vessel placed to mark the position of 
ireck, to record the tide every hour. By my calculation the 
and fall of the tide at springs at the wreck should have been 
eet ; it proveil to be 15 feet. 

I ascertain the precise height of the tide at any given moment 
1 we cannot put up a tide pole, we use a method originally 
ted by Sir Francis Beaufort ; for, instance, if the rise and fall of 
ide at springs be 15 feet, the mean tide level is 7^ feet. If a 
■am of a tide pole be made, and at the 7^ feet a circle be drawn 
a radius of 7| feet, this cuts the pole at 15 feet high water, and 
at low water. If the circle he divided into 12 equal parts, or 
■e hoTirly intervals, and lines be drawn perpendicular to the pole, 
will cut the pole at the number of feet rise. Thus, at a spring 
which rises 15 feet, the height 1 hour before and after high 
r will be 14 feet; at 3 hours, 11 feet 3 inches; at 3 hours, 
et ; at 4 horn's, 3| feet ; at 5 hours, 1 foot ; and at 6 hours, 
; whilst at the same spot, with a neap tide which rises 12 feet 
3 the low water at ordinary springs, the tide would be 11 feet 
hcs at 1 hour before and after high water ; 9 feet 9 inches at 
irs ; 7.V feet at 3 hours ; 5J feet at i hours ; 3j feet at 5 hours; 
i feet at low water. By dividing the circle into as many time 
vals as may be required, it is evident the height of the tide may 
timated at any moment, and experience proves with considerable 

iving shown how the depth is obtained, and how the soundings 
educed to the common standard of low water, I will now show 
the position of each sounding is determined, as it is evidently 
> use obtciining the depth unless its position can be accurately 
tained. 
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1. In sounding narrow rivers or channels the most convenient 
method is to stretch a line across, marked at given intervals, and 
to obtain a sounding at each mark. As a specimen of this 
method of sounding I produce the plan of Blythe Harboiu* on 
a scale of 25 inches to the statute mile. Here marks were set up 
on each side of the river at ever}- 100 feet, and a line stretched 




Diagram ahovnng Sir Fravcin Beavforfu Method of Finding the Height of 

the Tide at Any Hotir^ 



across from side to side marked at every 30 feet, two small 
anchors being used to secure the line to, one on each side. A 
seaman with one anchor is stationed on one side of the river to 
make fast the end of the line, and two seamen with an anchor on 
the other side to heave it taut. The sections are all numbered, and 
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ndtngs tnkeii at each mark on the line by the leadEtnan in the 
t, the officer in chaise rccotxling the number of the section, the 
ith at each mark, and from which side of the river he begins and 
rhich Hide he ends, the positions occupied by the anchors having 
11 previously marked and projjerly fixed by angles. The hour 

minute at which the Boundings are taken is also recorded, and 
!hti same the tide watcher records the height of the tide on the 
ge. Wlieu the section is finished, the line ia eased up and the 
hunt shifte<l to the next marks, and so on until all the sections 
iiirc'l have l)een obtained. Care rauat be taken that at each 
nding the lioat is really on the straight line between the two 
bors, as the tidal stream has a tendency to somewhat bow the 
B stretched across the river. 

. When the river or channel is too wide, or has too much 
lie moving on it, to permit a line to be stretched across, some 
: of marks liavo to be used, and the position of the soundings 
d by angles between objects on the shore. As an instance 
^his method of sounding I pi'oduce the plan of Gillingham Reach, 
iotly sounded on a scale of 20 inches to the nautical mile to 
trtain the titite of the dredging operations. Here it was neces- 
f to sound the river very closely, ami the width and truffle 
(lered the stretching a line across impracticable. We thei-efore 
k advantage of the spire of Hoo church, aa a mark sufficiently far 
to a'lmit of the lines of soundings all converging towards it, 
Ecially as the curve of the river ran in such a direction that lines 
n Hoo spire crossed it nearly at right angles. Then as the fore- 
re was muddy and much broken, so that it was awkward to 
iKure even distances on a straight line, we laid out a long rope 
: outside the low water line on the north side of the river, and 
rked it at every 60 feet, dropping an anchor at each end. A boat 
h a flag was then moored at each successive mark on the line, and 

sounding hoat kept this flag in line with Hoo spire. This 
urcd the sectional lines being run at regular ititervais, but to fix 

[)Osition of the soundings, angles were taken at frequent intervals 
ween the olijects on shore already plotted from the ti i angulation, 
., the Dockjard chimney, Hoo spire. Folly Fort flagstaff, Folly 
con, Barnett Fort flagstaff, Friday mill, Gillingham church, etc. 
[wo angles are sufficient to fix the position, and these angles are 
en simiUtaneonsIy with sextants by the observers and plotted by 

station [lointers, and, if correctly taken, shoidd plot on the line 
the boat and apire. Each sectional Hne was run from south to 
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north, as it is easier for the steeremati to keep two objects exactly in 
tine when steering towards them than when steering away from 
them, and these objects made such a good transit that if they were 
in line from one side of the boat they were a little open on the other 
^ide. 

The sextants iiscd for observing angles when sounding are made 
especially for this service, without shades and fitted with powerful 
tubes, and they are graduat«d to minutes, as smaller divisions are 
unnecessary. The station pointer, which next to the sextant is our 
most useful instrument, hus one fixed and two moveable arms, so 
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ig Afeihod of Fixing Somtdtng' hy Staiiou PoiiUtr. 



that the angles observed can be placed on it, and the arms placed 
over the points on the chart. It is constructed on the twentieth 
proposition of the Third Book of Eticlid, that the angle at the centre 
i» double the angle at the circumference upon the same base, i.f, 
upon the same part of the circumference; for instance, in die 
diagram shown let A, B, D be three objects on shore, the positions 
of which have been ascertained by triangulation, from the boat the 
observed angle between D and B is 27° 30', and between B and A 
■22° 30' ; then, by doubling these angles and projecting we get two 
i;ircles, which define the position of the boat at E. The objects 
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;tcd for observation must he in such positions that the circles 
rn cut each other sharply ; thia they will do if the centre object 
carer the observer than any point on a straight line joiuing the 
T two objects. If, however, the points used are in such positions 
I. B, and C, and the angles observed be 22A°, then the obaorver 

be anywhere on the circle A, B, C, E. In actual practice we do 
project, but use the station pointer, which gives the position of 
loat at once. 

In sounding open coast or estuaries we endeavour to take the 
dings in lines at right angles to the coast, or banks in the 
iry, so as to contour the sea bottom in a similar manner to con- 
iig the elevation of the land. When practicable we sound by 
ing marks on the shore in line, but this is frequently impossible, 
we then have no option but to steer by compass, and fix by 
:s l)Ctween objects on the shore, as previously explained. The 
ulty here is that we cannot always steer on the exact line we 




II wed on the Saiid Bankn in Iht TKaiOfi Eatuary. 



to follow, as the varying strength of the tidal stream requires 
iig allowance to be made for it so frequently that it is impossible 



138 

to tell exactly what course is reqiiire<l to maintain a perfectly straight 
line ; consequently more time is used to cover a given area with 
soundings, than if marks were available which could be kept in 
line. When the eetnaries occupy a considerable area, and are fnll 
of sand banks out of sight of land, it becomes uecessary to erect 
beacons on the banks and connect them by triangles with the shore 
objects. In the Thames estuary, which the Tiilon re-surveyed Ia«t 
year, the work was greati}' facilitated by the raaets of vessels 
wrecked on the banks. A convenient form of beacon is an iron 
screw pole supported by stays and surmounted by a wooden pole, on 
the top of which arc battens. These also serve to record the rise 
and fall of the tide, as they are marked in feet, ^\'hen they dry at 
low water, another pole is used in addition. 

4. In sounding banks out of sight of land, marks of some kind 
are absolutely necessary. In many cases it is impracticable to erect 
l>eacons on the banks, and we then hire a vessel and anchor her in 
position, and by her aid and anchoring beacon buoys, triangulate 




Form of Btamn Biioy twerf i« Snrvtying Banhi ovt of Sight of Land. 



and sound round the bank. The first thing to do is to ascertain the 
correct ]x>sition of the mark vessel at anchor, and to place a watch 
buoy by her to guard against her drifting. If the position can be 
triangulated out from the shore, it is, perhaps, the most satisfactor}' 
way, but when that cannot be done, astronomical observation is the 
only alternative. Here we bring our chronometers into plaj', and 
connect the bank by meridian distances to the nearest point on shore, 
the longitude of which has already been determined. 
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1 all surveying vessels we bestow great care on the chronometers. 
y are plated m nearly as practicable in the centre of the vessel, 
re they ure Xna subject to jars than anywhere ; they are wound 
frilly at the aiime hour daily ; all iron is kept as far as possible 
1 their neighbourhood, and they are kept under glass cases so 
the faces may be seen without lifting the lid, and thereby 
.ing variatiun» in the temperature each time it is necessary to. 
pare with the hack chronometor. The rates are always obtained 
tqual altitudes by the same observer with the same sextant and 
Scial honzon, and the errors shown on the mean time of the 
e where the oliservations were taken. Although it is necessary 
lave one staiulnrd meridian on the globe, which meridian is an 
tmry one, (iieenwich being acceptod by most nations, it i& 
aiitageous to have a number of secondary meridians which govern 
longitudes of particular areas, and to which all meridian dis- 
Mis in that area are referred. 

Ivery sun-eying vessel, therefore, is furnished with a standard 
mdary meridian by the Hydrographic Department, and to that 
'idian ail her chronometrical distances are referred ; our method 
vorkiiig these ilistancea is that originally promulgated by Tiarcks, 




■J the Jfethod of AiKeHaiaing the ArcnmtdcUtd Rale of a 
Chroiumuler. 



which I shou' a diagram. If a chronometer be rated at A and 
in at B, and the error ascertained on the mean time of place at 
h places, then assuming any change of rate to \ie uniform, the 
Limulatod rate is the rato at A+ or -J the difference between 
rato at A and the rate at B multiplied by the number of days 
psed between the observations. In the case of a number of 
onometei's the result given by each instrument is recorded, and 
lie which differ materially from the arithmetic mean are rejected, 
I a selected mean adopted. That this gives good results will be 
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apparent when I mention that in the Challenger we were fumiahed 
with 13 chronometers, and carried a series of meridian distances 
round the world, the voyage occupying 3i years, and the chronome- 
ters undei^oing many changes of temperature. The result of all 
the meridian distances added tt^etber gave 24hrs. Omin. 28secB., 
or seven miles of longitude out in the distance of Gd,UO0 miles 
traversed. 

In obtaining the meridian distance of a mark boat at anchor from 
a standanl position on shore, the same system is pursued, but the 
equal altitudes for errors and rates of chronometers are obtained by 
the sea horizon. 

To get the latitude, observations are either taken of stars at 
twilight north and south of the zenith, or the sun at noon by 
contact with the horizon both north and south. The difficulty in 
all sea observations is owing to our often not seeing the true horizon, 
owing to refraction. This is to a great extent reraeilied by taking the 
mean of observations to the north and south, but if the meridian 
altitude of the sun is loss than 60° the angle becomes too large to 
measure in the opjjosite side, and meridian altitudes of stars on 
either side of the zenith, or double altitudes of stars at twilight, are 
necessary for accuracy. To give an instance of the close accordance 
of the results when the observations of the sun are taken with both 
horizons on the meridian, I may state that, in fixing the Ower and 
Leman light vessel, we found its latitude on 



June 25th to be ... 


... 53 


7 


56 N. 


July 9th „ 


... 53 


8 


.. 


July 11th „ 


... 53 


7 


54 „ 


July 12th „ 


... 53 


7 


57 „ 



an extreme range of six seconds of arc, or 600 feet in the latitude. 
Such a close accordance shows the value of this method originally 
recommended by Kaper. 

Having, either by triangulation from the shore, or by astronomical 
observation, fixed our mark boat, we sound round her, and fix the 
position of the soundings by compass bearings and masthead angles. 

For observing with accuracy the masthead angle we use Rochon's 
micrometer, a telescope fitted inside with two prisms of rock 
crystal, the one cut parallel to the axis of the crystal, and the other 
parallel to one of the faces of the pyramid. These are placed one 
on the other in contrary directions, and cemented together in a cell, 
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which slides in the body of the telescope, by means of a slit, in the 
direction of its length, so that the prism may be moved along the 
tube ; tills shows two images of the object in the field of the 
telescope, and the angle subtended by any object is measured by 
the contact of the images. Its graduation is corrected by moving 
the prisms to a point where the images cover, which is the zero, and 
by taking the diameter of the sun. It is, of course, only intended 
to measure small angles, and is rarely graduated to more than 
40 minutes, but angles to one second can be read off by means of 
the vernier. By the help of this instrument we can sound accurately, 
in clear weather, for a radius of four miles round the mark boat. 
Having filled up the area round the mark boat with soundings, we 
anchor a beacon buoy from three to four miles from her, and fix it 
by obtaining a true bearing and distance, and then shift on the 
mark boat to three or four miles from the buoy and continue 
sounding. The distance is obtained by the micrometer, checked by 
measuring the distance by sound. 

The rise and fall of the tide, and times of high and low water, are 
obtained by the lead line, if no better means offer. 

The beacon buoys we generally use are specially constructed casks 
with a spar jiassing through a tube ; to the bottom of the spar 
weights are attached, to make it float upright, and on the top is a 
light pole with cross-pieces. These can be seen about five miles in 
clear weather. 

5. In sounding off the shore to the 100 fathom line of soundings, 
when land is lost sight of, the lines of soundings are nm by compass 
and patent log, and checked by astronomical observation. The 
difficulty in fixing accurately the position of a ship at sea is that it 
is not often we are able to obtain observations for latitude and 
longitude at the same time. At night, when the stars are visible, 
the horizon is seldom accurately defined, and we are, of course, 
entirely dependent at sea on the visible horizon. The best time for 
stellar observation is just before sunrise and after sunset, when the 
horizon is yet well defined, and the bright stars just beginning to 
show ; at such times, altitudes of two or more heavenly bodies on 
different bearings give accurate results. This is known as Sumners' 
method, and is based on the fact that circles of altitude may be 
drawn at any moment on the earth's surface for each particular star, 
so that the [)osition of the observer is where the circles cut; for 
instance, if a line be drawn from the centre of the earth to a star, 
at the point where this line cuts the surface, the altitude of the star 
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will be 90*, whilst a plane from the centre of the earth, at right 
angles to this line, cuts the earth's circumference at those points 



Dioiiram ^-hairing GirrUs of Altllade, 

where the altitudes will be 0° ; 10° from this plane towards the 
point where the altitude is 90° tte altitudes will bo 80°, and so on; 
and, as the circles are large, any small portion of them may be 
taken as a straight line, and this line will be at right angles to the 
bearing of the star from the observer. Now, as you know that if 
we have the latitude, altitude, of a heavenly body, and its fKJar 
distatice, we can calculate the time at place and azimuth of the star, 
and consequently, with the aid of chronometers, the longitude, and 
ae we know the latitude always, say to within 20 circles, by calcula- 
ting the longitude and true bearing of the star, we get a circle of 
altitude, on which the observer must be at that particular moment; 
therefore, by obsei-ving stars on different bearings, we get as many 
circles of altitude as are necessary, and the point where these circles 
cut is the position of the observer. 

This fact is also of value in many instances where an altitude of 
only one heavenly body can be obtained ; for instance, in making 
the land after many days thick weather, if an altitude of the snn can 
be obtained, although the latitude is doubtful to within many miles, 
still the oI>server knows he is on a circle of altitude, and that 
perha|>s that circle of altitude will cut the land iu some, or close U 
some, prominent point, therefore, by steering on the circle of altitude 
he is sure to make the land in some known locality. On the chart 
of the entrance to the English Channel you will see that if in the 
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100II, wben the sun is in the S.E. qnadmnt of the compRai, an 
rv;ition be obtained for Inngitude, the observer will be in a circle 
Itiiiide running in a S.VV. and N.E. direction, and that this will 
. iKi' English coast in some point between Lands End and the 
t : therefore, by steering on this circle of altitude the precise 
jiin of the ship can be ascertained by the soundings, even before 
:iiii] is actually seen. 

If imly other means of obtaining hoth latitude and longitude 
li^ineously at sea is when either Venus or Jupiter passes the 
ilian in the forenoon or afternoon, when the skilled ohserver 
ret the meridian altitude, an<! a'so observations of the sun for 
itude witliin a minute or two. But this requires very clear 
her, and the planet must pass at least 2J hours before or after 
, or the brightness of the sun prevent* its being seen with a 
int. In order to ace the reflection of the planet it is necessary 
rcw the telescope in hy the " up and down piece " as far as it will 
nd the sextiint must be held very steadily, and directed towards 
meriiliun with the altitude nearly on. Practice enables the 
'ver to get most excellent result*, but I fear few sailors take the 
and trouble necessary for this purpose. 

le soundingii in running off or on the shore out of sight of land 
egulated by distance and the speed of the ship, A good plan is 
■oceetl at a rate of about six miles an hour, and to stop and 
n a cast of the lead every 10 minutes ; this will give soundings 
stances of a little less than a mile between ihem. At each 
ling the courae the ship is steering, the distance run by patent 
;he depth, the nature of the bottom, the error of the line, and 
ttatc of the tide are noted, as also whether any astronomical 
'vations were obtained, and if so, of what nature they are. Too 
' astronomicitl observations cannot be obtained, more especially 
. sonnding off shores where the tidal streams change every six 
I, and where it is impossible to tell, excepting from astronomical 
vation, with what speed the stream is runiting. 
ocean sounding, the time occupied in obtaining the depth and 
;ing up a g])ecimen from the bottom is so considerable that 
vations for latitude and longitude can almost always be obtained, 
e ship is kept stationary. 

will be evident from the foregoing remarks that our chief 
idence in nautical surveying is on the sextant. That is the 
jment which enables us to perform our work accurately, and 
it, and it alone, many valuable surveys have been made. The 
disadvantage of the sextant is that it has to be put down each 
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time an angle is registered, as it is not practicable to hold thi 
instrument and write down at the same time; so that it is vcrylYlNC 
convenient to have some one to register the angles as they are^ftf ^ 
observed ; otherwise, it is, I think, the best instrument there is for' 
)! surveying, for the theodolite, altazimuth, or transit instrument, 

are only of use on shore, and the compass is subject to so many 
errors that observations by it alone cannot be relied on ; but with 
a sextant the whole work of either a land or marine survey can 
be executed with the greatest precision. 

The instrument being then so useful to us, it is important to 
know its errors. Most of these are doubtless familiar to every 
one who makes use of the sextant, but there is one very important 
error which seems to have attracted very little attention, and that 
is the error of centering. 

All sextants have an error of this description, and in good |^o^ 
instruments it is usually progressive ; being nothing at the zero 
of the instiniment and increasing gradually with the angle, some- 
ji times amounting to 50" or 60" at 120**. If it does not so increase, 

or if it varies, it shows that in all probability there is an en-or in 
the graduation as well. These two errors cannot be entirely 
separated, but the graduation can be tested by trying the vernier "^' 
at different parts of the arc, when, if the graduation is correct, 
the zei-o and last division in the vernier will invariably cut lines 
on the arc simultaneousl}*. 

The plan I usually adopt to obtjiin the errors of centering is 
either to measure angles between objects on the land by it, and 
by Boixia's rejieating circle, or else to obtain a series of equal 
altitudes of the sun at all elevations, when the observations, 
worked as single altitudes, should agree with the results given 
by the equal altitudes. This is seldom the case, but it will be 
found that the mean result of the a.m. and p.m. sights always 
will agree. Consequently, by applying an error to the altitudes 
until the result agrees with that obtained by the equal altitudes, 
the error of centering at that altitude is obtained. Then by 
obtaining a series of results at different altitudes, and drawing 
a curve of errors, the amount at any altitude or angle can be 
tabulated. Lately, the authorities at the observatory at Kew have 
undertaken to test sextants for errors of centering by payment of a 
small fee, and it would be well before purchasing any instrument to 
ascertain that its valuation has been so tested, and to get a copy of 
I the Kew certificate attached to the receipt. 
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PAPER VIII. 



LITARY POSTS IN BURMA. 



Bv Major A. R. F. Dorward, D.S.O., R.K 



coiulitioiis imilcr which the very numerous milibiry posts in 

■s Uui'mii hiiil to be designed und constructed were : — 

The forts to be semi- permanent ; to last about two years. 

The forts to give sufficient interior space to allow of hut 

imo<lation for all troo|js, and stjililing for all horses and jMnics, 

; built. 

The folinwing scale was adoptfiil in settling' amount of floor 

tu be given to each man ; — 

III Burrauka. In Hospital. 

itiah soldiers ... 50 square feet 90 square feet. 

itive „ ... 30 „ SO 

„ followere ... 25 „ 50 „ 

ch officer was given a room 14'xl4', with verandahs; and 
uit oliicerti, depailmental conductors, sergeant-majors, and native 
rs were given half an officer's quai-ter each. 
Cavalry horses were allowed 10' x 6' of stable area; mules, 
i' ; and poniea, 8' x 4j'. 
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5. In addition to barracks and atublos, the following buililings had 
to l>e erected in most jjosts ; — 

British hospital, "l With ijnaiters for 

Native hospital for soltliers. > metlical 

„ „ followers. ) establish men L 

British cook-house. 
Guard-room. 

Night latrines and urinals. 
Post and telegraph offices. 
Bjikery. 

Commissariat go-downs. 
Trans|>ort gear shetL 
Officers' mess. 
The forts, ^'encrallj-, were built to hold from 50 to 500 rifles. It 
was, as a protection ag;iinst fire, and as a sanitary necessity, always 
arranged to keep the various buildings a considerable distance a]>art, 
the result l>eing that the interior sjwce and length of jiarapet wm 
always out of all oiilinary proportions to the strength of the gjiriison. 
The sha|je of fort usually adopteil, as re'juiring fewest night seiitrii's, 
wa& as shown in Platf I. 

Generally, the materials available for the construction of the )>osts 
wore bamboos, jungle-wooi.1, giant grass, and thorns of great feroclt)'. 
In some ciLses the whole post, with the exception of the earth iiarajiet, 
was made of bamboo. 

Tho floors of the houses were laised from four feet to six feet aboie 
ground level. In some of our earlier jjosts neglect of this precaution 
was the cause of much fever. 

The barracks and other buildings were carried on large bamboo 
u]H'ights, nr rough jniigle-woo<I |»OMts, sjiacctl about 7i feet apart 
I't'ili' II., Fi;i. I, gii'es a section of a Iwrrack for British solilicrs. 

For native soliliers no rear verandah was given, and for followers 
no verandah at all ; but, to keep off wind-driven rain, the eaves were 
alnilted out about SJ feet fiom the side walls, as shown in Plalr II., 
Fig. 2. 

Cane, which was nearly always obtainable, was used for tlie 
lashings. 

The floors were fonned of bamljoo wattle laid on small whole 
bamboos placed a few inches ajart at right angles to the large 
bamboo or jungle-wood joists. Owing to the elasticity of the 
bamboos, the floore moved very easily when walked on. The sunk 
IKwsuge in the centre, n\t which men walked to their beds, was, 
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fore, necessary, to prevent men licitig disturbed in their rest, 
w [iroviikt] a ver}' convenient scat for the men. 
le ruof covenng always consirited of lon<; funs of grass, or bamboo 
, strung together, the ordinary roofing material in Hurma. 

hospitals, wheVe rigid floors were necessary, j)lanking was used ; 
ill commissariat go-downs, where the floors were designed to 
■ a weight of 400lbs. per square foot. Stores in them were 
rally packeil six feet high, with a wiile ccntnil itnssage. Ono- 
. of the space in them was allowed for passages, weighing room, 

A very useful formula was used in settling the Hoor area of a 



= number of British troops consuming 4lbs.of food daily, 
,. horses „ 8 ., ,, 1 



elephants ,, 

;■ ;irca in square feet ne 

= 4rt + 3fl' + 8n" + 6n 



■1„ 
15 „ 

■essary for a s 

■' + 4»"'' + 15w' 



(Without 
j grass. 



>nths' supply 



lis formula was arrived at by assuming the average weight on 

loor as 240lbs. per square foot. 

le floors of godowns were generally raised about two inches 

the ground, and, to guard against fire, the roofs were of 
igated iron. 

le gates of the forts, nine feet wide, were generally swung (in 
halves) on wooden pintles, as in I'litte II., Fig. 3. 
le tops of the gate-posts worked in an iron band firmly tied 

to [losts sunk in the [larapet. Generally, the gntes o[Kined 
■ards, elapjiing against a large post sunk in the middle of the 
way. If they opeueil inwards, they were secured against out- 
pressure by a large beam dropped across them from post to iwst 
Dt8 fixed to the posts. If an ii'ou band was not available for 
flps of the posts, a woo<leu cap was used (Piute II., Fit/. 4). 
s most of the attacks by the Burmese on our |>osts were made 
ng construction, it was imix>rtant that the defences should take 
;Lle time in completion as possible. Our' chief difticnlty, owing 
he want of skilled labour, was in the revetments. Bamboo 
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hurdle revetments could he qiiicklj' made, but were ver.v temporary. 
and the heavy rains washed the soil thi'ough them, und planks and 
hi-icks were only ocoisionally aiaikble. 

Plate II., Fig, 5, shows a section ^-ery generally adopted when wi; 
hail to rely on bamboos and thorns, as was oftfen the case ; in it 
revetments are done away with altogether. 

The Burmese are particularly skilful in ninning up very quickly 
any form of bamboo stockade, and the small amount of earthwork 
necessar; in the pattern section was usually done by the garrison. 

The iKimboo spikes are placed about a spun ajiart, an<l are from 
nine inches to one foot long, with about half their length stuck in 
the groniid \\ hen sbarplj' jwintwl and charred, they present a 
formidable ol)>.t.ii.lf to even British troojis with boots on. They 
would be useful 'n any cam|»aign, and could be easily carrie<l in 
bundles. They are <lestruction to horses. 

The commonest thorns in Bui'ma are sharply curved, ami resemble 
the "Wait-a-bit" of Africa. They are (jarticiilarly obnoxioii.f to 
Bnrmans, whose flowing garments and loose slipjicrs arc sure to get 
inextricably hooked up in them. They form the common ilofence of 
almost every village in Upper Burma. 

It was at fii-st thought that the thorns in rear of the Immboo 
stockade would catch fire from rifle flashes, but they never did, 
although they burned readily when set fire to and dry. They can 
very well be rejilaced by bamboo spikes. 

A few strands of lai-bed wire in the upi)er {lart of the bamboo 
stockade greatly increases its use as an olistacle, and in savage 
warfare the obstacle is of chief im|>ortance. 

A very useful and permanent revetment can be made of the icreat 
river grass (Kaing gi'ass) of Burma. This giass has the power of 
throwing ont roots at each node, which occur at distances of from 
nine inches to one foot six inches on the stem ; its average height is 
from 9 to 10 feet. The grass is made up into fascines, and placed 
in the revetment in the ordinurj' way. The fonndation roller, or 
fascine, is generally ma<le about two feet thick, the other ones about 
10 inches. 

To make a roller, or fascine, take a bamboo from 18 to 20 feet long, 
and from two to three inches thick. At lengths of about 18 inches 
on the bamboo attach strings of grass or coir rope, or cane, am! 
arrange the sti-ings on the ground at right angles to the ImiuiIkw, and 
sprea'l over them a thin layer of the thiimer stems of grass at right 
angles to the strings {I'lale II., Fig. C). The layer should not be 



!er than is necessary to hold up a very thin layer of ihimp clay, 
h is spread over it. Now place men along the bamboo as close 
-her as they cun stand, and also pTauc a man at the end of eacli 
g. The men holding the bamboo proceed to roll it up, care 
; taken that they move evenly, and that the men at the ends of 
jtringH keep them tight and parallel; the strings are then 
td off, and the roller is ready for use. If properly made, when 
lay dries it will bo found very difficiilt to drive a peg into them, 
grass will grow in any soil, even pnre sand, if it he moistened 
St. The roots soon extend into the paiupet, and knit the rollers 
V into it. It is only necessary to water it from time to time, and 
!0p the grass cut, I feel sure that if ku-ge rollers were use<l 
■evetment wriuld be very nsefnl in the embrasures of fieldworks. 
e Hoyal Engineer officers in U|>i«r Burma were also largely 
jyed in the construction of more permanent works, e.g., in the 
mction of jjernianent barracks and their subsidiary buildings 
dndalay and Bhamo, the fort at Bhamo, and the drainage of 
lalay city ; also in the construction of hill roads to the Ruby 
s and the Shan Plateau, 
the hill forts, where the coM forbade the use of bamlwo 
e work, the walla were made of timber, briek-in-mnd, or mud. 
*ene oil tins, or ghee tins placed on small iron tripods and bored 
if holes, were used as cliarcoal burning stoi'es, or brick fii-e- 
i of the Indian hiilitiu'y Works [lattern were built at the ends 
e huts, the chimney being increased in height by the use of 
tins to can-y the sparks well into the air, there being great 
ir from fire caused by sparks falling on thatched roofs, 
the fort at Bhamo, the parapet, made of earth with a brick 
nent, ".is about a mile and a <)narter in perimeter, the crest of 
irapet being at one level throughout, and always 16 feet above 
:>ttom of the ditch. 

B height of the paiaijet, of course, varied with the ground level, 
linimum being 4J feet. 

3 site wiis fairly level, but intersected freely by deep nullahs 
15 to 20 feet deep. 

;se nullahs provided completely for the site drainage, and for 
of the ditch. They were crossed by iron spiked I'ailings, 
tt high, stepped down the tiullab sides. The railings allowed 
. [tassagc for the drain-water, anil were a fairly efficient 
:le. The nullahs outside the foi-t were searched by timber 
louses and crows' nests about '20 feet high, 
: [lermanent baiTacks in Mandalay and Bhamo were built 
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entirely of teak wood with iron fastenings, and so also were the 
various out-houses, with the exception of the cook-houses, which 
were built of rubbish or brick-in-mortar, or, at Bhamo, of corrugated 
iron. The roofing was formed by teak shingles 10 inches by 
5 inches. 

At posts, generally, along a line of communications, where it was 
only necessary to establish a few men, timber blockhouses were 
erected. These were very efficient works, the credit of the design 
being chiefly due to Mr. Richard, of the Burma P.W.D. This design 
is shown on Plate III. 

Both in our permanent and temporary works concrete was largely 
used. It Wiis important to find an efficient but simple system of 
moving and laying it, owing to the totally unskilled labour available, 
and the want of machinery of any sort. The mortiir consisted of 
one lime to two sand. Small conical heaps, consisting of alternate 
layers of sand and lime in the above proportion, were made on some 
fairly hard, clean platform. These heaps were then turned completely 
over by native hoes, and other heaps formed with the material com- 
pletely reversed, i.e., the sand and lime at the apex of the firet heap 
now formed the base of the second. These second heaps were again 
similarly pulled back into their original positions, and a section, of 
the cone always showed the materials to be thoroughly mixed. The 
mortar was then given 60 turns in an ordinary bullock mill, and w^ns 
ready for use. 

Over all the spaces on which concrete was to be laid, except six 
feet at one end, which was kept clear, little heaps of two baskets of 
broken stone were lai<l with their bases just touching ; on these 
heaps a basket of mortar was next put, and above the mortar 
another basket of stone. The whole of the heaps were then pulled 
through a space of six feet, and back again to their original position, 
and the mixture was found to be verv thorough. 

The concrete was then rammed for about four hours with light 
wooden rammers. It is important that the ramming shouhl be <lone 
continuously, as any ramming after the lime has begun to set tends 
to shake up and loosen the mixture. It is best to keep the three 
processes of laying, mixing, and ramming perfecth' separate. 

The old citv, now the cantonment, of Mandalav is surrounded by 
a thick brick wall, about 20 feet hiijh, and bv a moat about 150 feet 
wide, and from 7 to 17 feet deep. Inside and against the wall was 
a broad earthen rampart. It was necessary to carry the city 
drainage water under the wall and moat, and then down one of the 
Mandalay streets to a large drain called the Shoay-ta-Choung. 
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Inside the city the di'aiiiage water was carried by oiieii earthen 
uins, running into a tunnel, which extended from the city rampart 
iwn to the Shoay-ta-Chonng, a distance of about half-a-mile. The 
ction of the tunnel was as shown in Plate II., Fiff. 7. It was built 
itirely of brick and concrete, the bricks being procured from the 
iraerous walU that had to be pulled down inside the city. 
The biicks were of the verj- poorest description ; the insi<Ie of the 
in II el was consequently plastered. 

The information regarding the annual rainfall in Mandalay was 
iturally very meagre, and none whatei'er was obtainable about the 
aximum fall in a day. Such information an was obtainable indi- 
ted an annual fall of from 30 to 40 inches, and it was decided to 
akc the tunnel capable of carrying ofT a J-inch of rainfall over the 
hole drainage area in one hour. Manholeit, 4 feet by 1^ feet, 
ere plaeeil alonjt the tunnel about every 200 feet. 
The occu]>ation of the Kuby Mines HilU and the Sha)i Plateau 
mdered hill roads necessary. At fii'st only mule tracks were 
.tempted. The minimum width of these tracks was seven feet, and 
le maximum gradient 1 in 7. The great difficulty on the Kuby 
iinea road was the laying of it out. The undergrowth, principally 
Lite and baudioo, hiul to be cut as the work proceeded, as it was in 
laces perfectly impenetrable, and the high trees pi evented views of 
(ly saddle or other landmark where the roail must pass being 
itaiiicil, except from a few and fardistaut [loint^i. The consc(iiicnco 
as that many trial lines had to be run before a feasible one was 
titiiined, many days of labour simply resulting in the knowledge of 
ic usclessness of running the line in one jwrticidar direction. 
The lluby Mines road, almost throughowt, ran through an 
itensely te\'eri8h country, and dreaded by the Bumiese, so that the 
reatesE difficulty was expenenced in procuring labour, and the 
ealh rate among the coolies was very high. The length of the 
Mid was ithout 60 miles. Much of it ran through soil, and its 
xccution w.ifi rapid. Near the Sanibuium of BernaiTlmyo there is 
lai^B fotc-t where the rainfall is about 200 inches per annum, and 
II! soil is the richest leaf mould, from five to seven feet deep, lying 
a a sundi' sulistratum. The mistake was nia<le of cutting away 
uly enoui;h of the soil to fonn a 7-foot track, and the result was 
lat it >)etiinie, after a little tj-affic in the rains, simply an impass- 
>Ie bog. Some transjwrt mules were iictually drowned in the 
ish when attempting to use it. The road was then cut down to 
e ha.rd sandy bottom, and afterwards answere<l its purpose very 
cl\. 
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Only one river of any size had to I* crossed, and this was done at 
a narrow place by a sus])en8ion bridge of 50 feet span. 'I'he joists 
carrying the luailway were Biisiieiided by i-inch iron rods from an 
old telegra|)h cal»le found in Maiulalay on our arrival there. The 
time available was far too short to allow of the constrnction of a 
stronger timber bridge, ami the oi(i cable was iiseil of necessity, not 
from choice, but with mnch apprehension of failure, as our only 
chance of getting the bridge completed in the time available. It did 
its work, howeier, very well. 

The hill roads to tlie Shan Plateau were much easier to lay out 
owing to the comparative absence of undei-growth, but much lianlcr 
to construct, aa much blasting and building up was neccs.<iary. 
fiuncotton, dynamite, and powder were all freely used, d)namite 
proving tu be far the most satisfactory blastiug agent. 

The cart road to the Slian Piatejiu was a work of considerable 
magnitnilc. The maximum gradient was 1 in 20, and the niininium 
width 15 feet. Much of it ran throiigh very harfl limestone, and in 
one place it passe<l for 80 3'ards along the face of a procijiice about 
50 feet from its foot The precipice was aliout 300 feet high and 
nearly pcrjiendicular, and that |>ortioii of the road kept a com[>any 
of Madras sappers steadily boring and blasting for about six weeks. 

The bridges on the road were made 1.3 feet wide. Suital'le trees 
wore felled 80 as to fall across the larger tudlahs, ami the i-oadway, 
formed of teak-wood joists and 3-inch planking sent from Mandalay, 
was laid on them. The smaller streams wei'e jiassed through diy 
stone cuiveits, or pipes made of sheets of corrugated iron. The 
sheets am be roUeil inU) pi[>es of about two feet diumeter, and make 
very etHcicnt drainage pi|>es. Thej' are e-isily carried, and will 
always prove useful on active service, as they save so miich time in 
bridge construction. For cart traffic, to jjrevent injury to the \)i\-ms, 
it is well to have at Iciist two feet of soil alwve them. 

By far the moat convenient chnometer for laying out the hill 
roads wa^s found tu be De Lisle 's (1 am uncertain ul)out the spelling 
of the inventor's name). It can be set to the re(iuired sloixs, is very 
6iin|>k', is not liable to get out of order, and admits of vei'y rapid 
work. 

Part of the cart i-oad on the plateau ran through a somewhat 
cxtraonlinary formation, a bog on a steep hill side. This ]iart, 
about a quuiter of a mile in length, gave much trouble. The bog was 
found to consist of a peaty soil, of dejitb varying from six inches to 
six fuel, lying on hani blue limestone rock, and possessing a unifoi-m 
suiiace slope. Two deep side drains wero first blasted through the 
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rock, and the metal got from the blasting laid between them for the 
road surfjice. In & very short time the metal disappeared, and the 
Ixjg resumed its place. A further deepening of the side drains, and 
the addition of niore metal, did very little gowl. A small portion 
ol the bog was then carefully examined, aiid the limestone sulxstratum 
was found to be pitted with conical holes, which did not connect with 
each other, and from which the water could not escape. Some of 
these holes «eve five or six feet in ilepth, and tho proper method of 
making the road would have been the complete removal of the ovei- 
Ijing soil, and the filling up of the iwckets with good soil or broken 
sh>ne, or by tho blasting away of the partitions and bridging over 
the cross drains so formed. 

As regards the militjiry opeiutions, the most marked points were 
the value of mounted infantry for all day work in pursuit of dacoits, 
and of nightmai'cbes forinfantry. The dacoits rarely dared to meet 
our troops in the open country, but preferred a prepared [(osition in 
]imgle. Oiir chief losses occurred in coming anexi)ectedly on one of 
these jjositions on the march. These (wsitions were rarely at any 
time surprised, our want of knowledge of the ground round the 
{Hisition, and the absence of any but one or two paths, militating 
against success ; but when ncwsariived of dacoits having occupied a 
village, a night march was often employed with success. The con- 
ditions necessary for success were the employment of good guides, 
of a small force, the abserice of all baggage, the stationing of officers 
at fixed i>oints along the column to look after the keeping of the 
track, the marking of the track to be followeil at cross roails by toi-n 
palter, aud absolute silence. 

In an advance through jungle in the day time, it was found neces- 
sary, for the pi-otectiori of the guide (frequently only one could be 
obtained), to have Hankers in the jungle on both .sides of the path 
considerably in advance of the leading men in the centre of the 
aih'anced guanl. The dacoits usually prei»ar6d a iMsition at a bend 
in the {Kith, from which they opened Hre at short range on the leading 
files of the advanced guiird, and freijiiently succeeded in shooting 
the guide, always one of their great objects. The forward tlankiug 
files were useful in turning this position, and causing its instant 
evacuation. TTiis formation of an advanced guard soems to me to 
have certain advantages in all cases over the authorized one. ^^'hen 
used, delay at villages, wooils, etc., is lessened, all such positions 
being tui-ned in the ordinary course of the march. 

Ita disadvantage consists in the advanced Hankers being at a con- 
siderable distance from the central support. A special support 
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placed in rear of them has difficulty in Iteeping up in a liroken 
wooded country, and unduly inci-eases the number employi-d wii 
the uflviincefl guard. In impenetrable bush, the whole in 
obliged to move on the pat.hs, often in single file, aud the 
of the leading man was very trying. The guide, of cour<. 
never l)e allowed to occupy thut position. In such cases thi.- diiLuits 
often cleareil a position in the bush parallel to the lino of luiuvh at 
about 10 yards distance, and opened fire from it as thi; miiimu 
passed. If artillery accompanied the force, they generally "Mited 
till they heard the mules, and opened tire on them, with the Ii^'Iil* of 
creating a stampede along the narrow path. On such paths i-M.'n a 
small force occupied a consider.thle length, and any imliviihial 
conti'ol of the whole force was out of the question. The li'ndi'iicy 
of the men was to lie down and blaze aimlessly away iiiLo the 
jungle, and in such cases the most valuable officer was the <<no wlio 
would do something, it hardly mattered what, with the olijfct of 
getting into the bush, and at the back of the enemy's positifiu. If 
firing could be prevented, and perfect silence kept, it had an intimi- 
dating effect on the daeoits, who In such cases rarely I'emaitiiii long 
iu position. If dacoits were known to be in ambush ne;ii -m b u 
wooil, which the force had to pass through, it was best to si'rii I ^i ii'w 
native troops accustomed to jungle work, such as the Ghon k:is, lo 
explore in front of the force. Twenty men were generally sii!iiciunl, 
anil, being much scattered, such a small body raixily sufTeiud lr>.i.4. 
Kuropean soldiers, who never seem to be able to advance quirlly, and 
whose dress is unfitted for movement through thorny bush, were not 
of much use for siicli work, hut the (.ihoorkns, nearly naked and 
ai'mcd only with their kookrics, delighted in it, and tlie training 
acipiired in youth in their own jungles, their silent and yet combined' 
movement, together with their native propensity to creep up and 
kill, rendered them [wcuUarly suited for it. 

These jungle marches were often, ituleeii generally, earned out bj' 
very small forces, from 50 to 100 men or so, under the command at' 
very junior officei-s, who, in the endeavour to suiprise a body ol 
dacoits, hud to plan and carry out the whole operation. Tlic Icssonv , 
in mimic strategy and tactics so gained will certainly Iwar fruit in i 
our future wars, many of our junior officcr-s having so nc(|uired »> 
eonfidenee and readiness of resource, ivhich will )jc invaluable to our 
army when they are employed in higher jiositions and more impor* 
taut operations. 1 do not believe that any war of lat« years hu 
Iieen so vahiablc, from an educational point of view, to the youug«r 
officers of the aiiuy than the Biunia Campaign. 
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ELECTROMOTORS AND THEIR APPLI- 
CATION TO ELECTRIC TRACTION. 

By G. KArp, E.sy., M.I.C.E. 



Thi: suliject which I have the iirivilege of bringing hefore ywx foiniM 
a si>ecial bmnch of electric powL-r transmission, ami let me stiitc at 
once, as far as this country is concerned, the most importiint liEarich 
lit the jiresent time. The ti-aiismissioii of lai^e jjowei-s betwei.-ii (ixeil 
)>oiiitfi is of jiaramotint im]>ortJince in countries like >Swit/t'j'l;iitil, 
Italy, or the United Stiitos, where water power is almnduui ; lint 
this is not the ciise with us. Here the must impoi'tant pinliliiii nf 
trunaniission is that between a fixed point {the generating stmion) 
and moving [wints (the cars), and electricity n& the vehicle of power 
is lulupted, not bccimse it aftbrdfl the best mciuis of utilizing hiclioiio 
unaccessible sources of natural jtower, but simply becanse k U the 
must convenient and tluxible ti-ansmitting agent we at present jionse^s. 
Electric traction may, therefore, be described as jxiwer tl■iLnKnli!i^•ion 
in smiill tjiiantities over constantly varying but genei'ally short 
distances. Hence, before entering upon the details of the larioiis 
methods employed for utilizing electiic power for traction puiiinse,>;, 
it will be necessary to briefly glance at the general problcin of 
electric power transmission. 

The general priiiciples of this ai'e based ii|>on two expeiinietiUl 
fact* : the one discovered by Oersted, and the other by Faradaj-. 
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Oeretcd foiiiul tliat an electric current passing aluiiy ii wire in the 
neighbourhood of a compass needle will, umler ceituin conditions, 
deflect the needle, the deflection l>eing due to a mechanical force 
acting between the wire and the needle. Faraday foiiiid that it was 
gxissible to produce a transient current in a closed conductor if u 
tui^net was moved in its neighbourhood ; in other words, that 
relative motion between a magnet and a comhictor produced an 
electi-omotive force, for it is impossible to obtain a current without 
previously setting up an electromotive foi-ee. The compass needle 
and the magnet may be reganled as the sources of a magnetic flclil, 
that is, of a spnce through which flow magnetic lines of force, and we 
may, therefore, state the laws reve»le<l by Oei'sted's and Faraday's 
discoveries as follows : — 

I'lvd'irJiim of MerJiankal Fmn: — A wire passing across the lines i.f 
force of a magnetic field, and tra\'crsed b}' a cuiTent, is ucte<l ujicii 
hy a mechanical force tending to displace it parallel to itself, and at 
right angles to the lines of force. The magnitude of the force in 
dynes is given by the product H/c, where H is the strength of the 
field in O.ti.S. measure, I the length of the wire in eentimtli-cs, and 
c the current, also in C.G.y. measure. It is assumed that the «ure 
is straight, and placed at right angles to the lines of the Held. 

I'mhiHuia nf J-Heclivmofive Foret. — If a straight wire passing at right 
angles across the lines of a magnetic field bo dis[ilaced parallel to 
itself, and at right angles to the lines, an eleclromotive force is set 
up in it, the magnitude of which, in U.G.S. measure, is given by the 
pro<luct H?;', where n is the velocity of the wire in centimi'ties \ivv 
second. 

The dyne is too small a unit for practical woj-k, since in our 
latitude no less than 981,000 dynes are required to reijreseiit the 
force of one kilogiiimme. The C.tJ.S. unit of electromotive foree 
is also too small, being the hundredtli-millionth jart of a volt, whilst 
tlie C.G.M. unit of current is 10 amjieres. All these units are more 
or less of inconvenient magnitude, but we Ciin eiisilj- tratisform the 
formulas so as to obtain the results in practical units. We thus find 
that the force in kilogmmmes, and the elect loraotive force in volts, 
are given by the following e 



H/c' 



Volts ^H/dO-'*. 
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We have seen that the electromotive force is duo to the movement 
[ the conductor across the lines of the field ; in other words, to the 
ict that the conductor cuta lines of fot-co. Lot us now illustrate this 
y an example. Yon know that the earth is a magnet, and has, con- 
jquently, a magnetic field surrounding it. Any conductor moved 
long the surface of the earth bo as to cut its lines of force must, 
lerefore, become the seat of an electromotive force. If the conductor 

horizontal and we move it parallel to itself, it cuts the vortical 
>nii>onent of the earth's field, and if we let the ends of onr conductor 
ide along two fixed pamllel metal Ijars we can collect from them a 
iiTent flowing under the electromotive force produced in the moving 
>nductor. The rails on an ordinarj' railway may very well reprcBCnt 
ur fixed hai-s, and the conductor sliding over them, which I shall in 
iturc call the slider, may be simply a crow-bar thrown aci-osa the 
■ack (Plate I., Fig. 1). Now attach the slider to a train and haul it 
long the line. What electromotive force will be produced between the 
fo rails 1 This deiienda, of course, on the speed of the train, on the 
luge of the line, and on the vertical components of the earth's field. 
'aking the latter at -87, the speeii at 45 miles jier hour, and the 
istance between centres of rails at 4 feet 10 inches, we find that the 
lectromotive force is very nearjy the one-thousandth part of a volt, 
f the earth's field were 10,000 times as strong, that is to say, 3,700 
'.G.S. lines per square centimetre, then we should have 10 volts 
etween the ends of our slider. Now it so hap[jens that the strength 
f field in modern dyiianios and motors is about 3,700, and that the 
ircumfercntial Bi»eed of the armature ranges letween 2,000 and 
,000 feet |)er minute, or, say, averages 4,000 feet, which is almost 
xactly the speed of our train, namely, 45 miles fier hour. As each 
rniatuix! wire may be considered to he a slidei' in the sense I have 
efiued before, we sec that, under the conditions stated, the electro- 
lotive force of every foot of active armature wire is about two ^'oits. 
■et UB now return to our railway over which a slider is made to 
love by being attached to a train. We have seen that the electro- 
lotivc force tif the slider is exceedingly small, bnt let us for the 
loment assume tluit by strengthening the field, or by some other 
evice, we can get any electromotive force we like. Let the tniin 
:self be insulated from the rails so that thci'e shall be no leakage of 
uirent, and let at some other |iart of the line be a second slider, to 
rhicli a train is atUkched. Here jou have the most simple ir.iagina- 
ile system of electric propulsion. The electromotive force producwl 
a the slider dragged along by the first train causes a current to flow 
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along the rails to the other slider, to which the aecoiul train is 
altacheil. . Since the secoml alider is also in a sti-ong niaKnetic tioM, 
and is traversed by a current, there will be a mechanical force iictiii'i 
u]X)n it temling to disjilacc it |uira!iel to itself, th;it is tn say, the 
slider will move forwani, dn^ging its train behind it. The second 
slider is, in fact, an electric locomotive. Now let us examine this 
very simple system of electric traction a little more closely. We 
have seen that where we have to deal with conductors and miignctie 
fields, movement prodnces electromotive force, and current pi-odnces 
mechanical force. In moving the first slider, oiir object is to generate 
an electromotive foice which shall cauBe a cun-ent to flow. Wo get 
it, but we get something else besifles, namely, a resisting force which 
has to be overcome by the proiwiling machine. This means exjien- 
(liture of power, but it is important to note that, a[)arl from frictioniil 
losses, this expenditure is strictly proportional to the current. If 
there is no current, we may move the slider as fast as wt like, ainl 
generate any amount of electromotive force, but we S|)end no jiower. 
This would be the case if we lift the second slider off the rails su as 
to interrupt the flow of current. Now let us put the second slider 
back, aud a curi-ent immediately Hows. What we desire to yet is a 
mechanical pull wliiuh shall haul the second train along. This we 
get, but we f^et something else besides. The second slider, when in 
motion, generates also electromotive force which, it is oljvious, mnst 
oppose the electromotive force generated by the first alider, and thus 
to a certain extent check the current. Thus, as the speed increases, 
we get a reduced pull, and that is jiist what we want To start the 
train, we must have the greatest pull, and to keep it in motion 
a smaller pull will do. Now what is the power expended in the first 
and that recovered from the second slider. For the sHkc of sinijili- 
city, let us assume that the strength of the magrtetic field is the same 
in l>oth. Then the pull will be also the same in both, and the 
electromotive force will be jiroportional to the speed. It is obvious 
that the electromotive force of the first slider must exceed the oppos- 
ing electromotive force of the second slider by just that amount 
which is requiied to overcome the electrical resistance of the eii-ciiit. 
The product i-atio of pull with sjioed is the mechaiiie;d energy for 
each slider, and since the pull is the same in l>oth, we find that the 
ratio of the s|>eeds gives the etficicncy of the system. 

Thus far oui- investigation is mere theory, not realiziible in jiroctice. 
Wo caimot spread a strong magnetic field over miles of railway, nor 
would the rails be capable of transmitting the prodigious currents 



lich we would require to get a sensible mechanical effect with the 
If electromotive force which a single slider can develop. Now let 
see bow we can ma,ke our transinitting system more practical. In 
e first place, we get over the difficulty of the field by carrying it with 
on the train. Iiistejid of employing a sli<ler moving in a straight line, 
i can use a i-evolving .slider, and collect the current from the centre 
a cii'cular conductor, as show ninthe diagram {see Plate I., Fii/. I), 
e might produce the motion by gearing thia slider with the wheels 
the first ti'ain, but this would be a clumsy device. We would do 
tter to connect it by a pulley and belt with a fixed steam engine 
•tblished at some convenient s]>ot near the line. As regards the 
M)nd slider, this must, of course, l>o geared with the wheels of its 
lit). By using a revolving slider, or, in technical language, a non- 
lar dynamo, instead of the pi'ogressive slidei-, we have got over the 
it difficulty 1 mentioned, but not over the second, since the electro- 
dive force of non-polar dynamos is, as you all know, far too small 
■ our pur|K>He. We may, however, employ a whole series of 
/oli-ing sliders suitably combined, and thus get a sufficiently high 
ictroniotive force. In other words, we may employ ordinary 
(lamo machines to act as gei erator anl tor an 1 thus at once 
rive at a practical solution of ir [ rol lem I PI le I., Fig. 1, 
S represent the nuLgnetic fields of each n acl ne and the circle its 
mature. The dotted lines are the con I icto 's alo ^ which the 
rrent is transmitted from the ^ ner t g 1 na o to the motor 
namo. As far as the latter is once "ned t s obv ouslj immaterial 
w the current is gonenite*!. So long as we supply the motor with 
rrent flowing under a suitable electi-omotive force, it will rotate 
d give out [Xiwer. If, therefore, we find it inconvenient to have 
Dse connecting wires between the motor and the generator, we can 
[dace the latter by another source of cunent carried on the ti'ain. 
ich a source of current is a storage battery, and we thus arrive at 
lat is known as storage cars, which are in use on several tnint lines 
this country and abroad. 

I have here given you a rapid sketch of what nuiy be termed the 
ulution of electric traction from first principles, and must now 
ing liefoi'B you some of the details required in its practical working. 
ic sidjject natumlly divides itself into four headings : the generat- 
j dynamo, the connecting link (conductors or batteries), the motor, 
<1 the gear, both mechanical and electrical. As, however, time 

II not pennit to treat all these matters exhaustively, I must content 
ysoU with putting before you the theory of the elccti-omotor oidy 
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in BO far as it concerns the ajtplicntion of the motor to traction, and 
a. general description of the most imjKirtant methoiU of conveying 
the CTirrent to the motor and the accessory appHance)) used in 
practice. 

ThK ELEfTROMOTOR. 

The primary object of the electromotor is to produce a propelling 
force, or to produce a twisting couple on the wheels of the car, Ity 
virtue of which the car is projielled. It ia therefore necessary tn 
begin the investigation hy determining the twisting moment or 
torque proiiiiced in the armature of the motor. Having found this, 
we can detei-mine the torque on the car wheels from the speed ratio 
between them and the armature, biking due account of the losses in 
the gear. Take as an example an ordinary Gramme machine as 
shown in I'laf'- I., Fig. 2. The current entering at one lirush 
splits in two halves, which traverse successively the coils on either 
side of the diameter of commutation and unite again at the other 
briish, where they leave the annnturo. If you follow the currenti 
you find that all the wires between the armature and one j)ole -piece 
carry current in one direction, and all the wii-es under the other jKile- 
picce carry current in the oi»|M}8ite direction. Since on the two sides 
both the direction of current and the sense in which the lines of 
force flow are reversed, the mechanical effects are added, Iwlh 
tending to rotate the armature in the same direction. The cnrreuts 
flowing through the insiile wires produce no torque because tbey are 
shielded from the jwles by the intervening mass of the armature core, 
and we may, therefore, neglect to take into account these inside 
wires, or we may wind the armature dnim fashion, which ia in so far 
preferable, as wc save some wire and avoid t-ei-tain disturbing efTects 
duo to the internal turns, about which I shall haie something to siiy 
later on. For our present jjui-poso it suffices to note tliat the torque 
is oidy due to the outside wires, and that the same theory applies to 
(Sramme, or, as they are also called, "cylinder armatures," and 
" drum armatures." Before entering into the theory, let me say a 
few wonls al>out the methods of representing drum windings. As a 
general ride, diagramatic representations are more easily understood 
than written instructions, and in text-books on dynamos, drum 
windings are always illustrated by diagranjs, but care is taken to 
make the illustration very simple by assuming that there are onlv a 
very few conductors on the ai'niature. In practical woi-k we have, 
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lowever, to deal not with 6 or 8 conductors, bnt with 100 iind more, 
nd if you attempt to draw a diiigfam for such a number, say to serve 
6 an insttiiotion to the winder, you will get such a maze of lines all 
rossing one another as to make the diagi-am quite unintelligible. I 
ave found it [losaible to get over this difficulty by substituting a 
written table for the diagram. Say we have an armature with 100 
onductors. Looking at the armature from the commutator end the 
'inding may i>e thus descrilwd : — Down wire No. 100, then across 
ack and nj) wire No. 49. Then across front, then down wire No. 
8, across hack, up wire No. 47, and so on. This is shown in the 
ibie, where D and U represent down and up wires rcsjiettively, and 
' and B the front and back connections. A glance ut the table will 



F \ s \j- \ s \ J- \ £ \:f \ S \ JF \s \j 


n 


d- 


J3 


V 


s 


V 


D 


ir 


J) 


U 


too 


*s 


.9a 


47 


9C 


*S 


9* 


43 


92 


41 


so 


3S 


Ha 


37 


86 


3S 


8t 


33 


82 


.17 


80 


29 


78 


27 


76 


2S 


74- 


23 


73 


3/ 


70 


*9 


sa 


17 


66 


IS 


6t 


13 


S2 


It 


m 


3 


S8 


7 


SS 


s 


Jf 


J 


S2 


1 


so 


93. 


■M 


97 


4€ 


SJ 


## 


93 


tz 


97 


*o 


as 


38 


87 


36 


as 


3f 


83 


32 


8f 


30 


73 


38 


77 


26 


75 


2* 


73 


32 


71 


20 


69 


IS 


67 


16 


6S 


It 


63 


It 


61 


10 


S9 


8 


S7 


6 


ss 


* 


S3 


3 


S/ 


100 


*s. 


98 

















how you any connection far clearer than would a diagram. Thus, 
■ you take for example wire No. IS, you find that it is connected in 
i-ont with 64, and at the hack with 66. The table also shows how 
he jtresaure increases from wire to wire. Thus assume that the 
urrent enters at the commutator strip, to which wires 49 and 98 are 
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connected. The current must, therefore, leave the armature at the 
commutator strip between 99 and 48, and in going thi-ongh the tible to 
the right of 98 and to the left of 49 (the latter is reproduced at t!ie 
bottom of the table), you will sec how the pressure increases wire liy 
wire. You will also see that the pressure is a maxiunim between 
neighbouring wires on the diameter of commutation, a fault cunimon 
to all systems of drum winiling, necessitating great care in the ni;)tter 
of insutation. 

After this excursion into the practice of winding ai-matiires, let me 
go back to the theory of the torque pro<Uiccd by the cun-ent. Let, 
in Plale I., fig. 3, N S represent the polos of a motor, and let 00 lie the 
diameter of commutation. The active wires on the armature arc Rcen 
end on, and fill the siwice enclosed betwceii the two cii-eles. The current 
in all the wires to the left of 00 is <lowuwards, or into the [Kiper, whiUc 
that in all the wii'es to the right of O is upwards. The individual 
wires are of couise insulated from each other, but the iiisuktion is 
nut shown. The total effect of the currents is as though we had 
on the left of a semi-circular sheet of cutTciit flowing down, and 
on the right a similar cuiTent sheet flowing up. Let t be the tfltal 
number of wires counted all round the armature, and R the radius uf 



find the toi'que we have now to a<ld the pull exercised by the 
current on each wire, and multiply with the radius. If the dis- 
tribution of magnetic linos of !uix& were perfectly UDiform over eaoli 
semi-circle, each wire would contribute the siinic amount to the total 
force, and oui' calculatiou would he simple enough. The distnbutien 
is, however, not uniform, and what is worse, we do not know in what 
maimer it varies. In the first place, the pole-pieces do not uinhrace 
a half cii'cle, and even if they did, it hy no means follows that from 
each square centimetre of their area there project into the urmature 
the same numhtr of lines of force. In the second place, the cou- 
tiguration of the field magnet uii-ciilt, which is not oven represented 
in the diagram, mast to a ccrt:iin extent inllueuce the distribution uf 
lines. On this head we make no assumption wiiutever beyond 
saying that all the lines coming out of iN enter the armature some- 
v.'hero on the left of 0, and all the lines coming out of the armature 
to the right of O enter H. Designate the lengtti of the armature 
hy I and consider one wire. Through this wire Hows the current '. 
The pidl A I' exerted by this wire is the jn-oduct of I i; and the 
strength of field in that particular place. The latter we do not 



iw, but let us call it H. Now it is evident that the number of 
s which pjisa into the armature through the space covered by this 



AF = 



AP 



■e can also write 

— AP=Ar. 

Now im:^;ine the Siime cfiuation written out for every wire on the 
it t)f 0, and all these equations added. AVo woulil thiis obtain 
n the right the sum of all the small fields AF. which is obviously 
othiug else than the total flow F of lines out of N ; and on the left 
e get a constant multiplied with the sum of all the puils of the 
■ires, that is, the total jiull P of all the wires, or in symbols — 

The total torque is 2 R P, and this is found from the pvei'ious 
4nation in dyne centimetres— 

2KP = ^'J^ 

You sec tliat it is not necessary to know the exact manner in 
hich the field is distributed ; all we require to know is tlie total 
;rength of the field, the numi)er of aj-matiire wires, and the current 
owing in one wire. If we have to deal with two-pole machines 
ivhich are mostly used for traction work), the current in one wire 
i half the total current, and we can, as a matter of coni'enience, 
isert this instead of r. At the same time, we miiy bring the 
»rmulaintoamorc practicable sha])e,giving the toitpie in kilogranime- 
letres or foot-pounds. I need not waste time by going through the 
rithmetical operation, but simply state the result, which is 
Tomne I Kilogramme-metres = IBIS F re U)-'". 
^■^^ MFoot-poumls =--05ZtcIQ-'\ 

In thece formulae the cun-ent is given in amjjeres, and F is the 
■jtal strength of field in C.G.S. lines. You will notice that in the 
icond e(iuatiou a new symbol Z has been inti-oduced iu.steatl of F. 
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This is merely for convenience when we are obliged to use En.i^lisli 
mciisure. The C.G.S. unit of magnetic flow is bo very small that 
millions are refjuired to represtint the strength of field found in 
mudeni machines, and although the beautiful sim|)licity of the C.G.S. 
system renders the use of large figures ijuite easy, this is not the 
case when wo are comi>elled to use the inch instead of the uenti- 
mt-tre. To meet this case I have adopted a unit f.ir field strength, 
which is 6,000 times greater than the C.G.S. unit, and Z in the 
formula here given represents field strength in these English lines. 

I would invite your attention for u moment to a jiractical lesson 
wliieh may be learned from an inspection of the tj:irque formula, 
Vou will see that nothing occurs in the formula relating to any 
particular shape of aimature. At one time it was thought that the 
great thing to aim at in a motor was to make its armature a strong 
magnet, and many woukl-be invei.tors have wasled time and money 
in devising all soita of peculiar sliapes intended to give the 
armatui-e strong poles so iis to get a powerful tnechaiiii-al cITecl. 
All these devices are useless. What we want is a strong ciirrout, 
many wires, and a strong field. Kveii the «lJameter is Tj<it dn-ectly of 
influence, but indirectly it is of influence, namely, in so fai- as u 
larger diameter enables us to get more wire on to the annatuie, ;niil 
may enable us to use a stronger field. 

We have seen how to calculate the torque of a iiintor, oi*. whiu 
comes to the same thir>g, the propelling force on a car to which it is 
geared, but before wo can apply the formula wo nuist knuw what 
value to take for F, the field strength. The number of wires you 
can count, the current is either determined by the suiirco or by the 
capacity of the armature to |)ass it without undue houting, and m 
you are all familiar with Ohm's law I shall not go into this matUir 
further, except to point out that you may allow in electromotors 
used fur traction a greater rise of tempei'aturo than would he safa 
with motors or dynamos which work in a room, li.vperieuce h« 
shown that the rise of tem|>erature above that of the sun-oniiding 
air in sUitionary machines is given in degi-ees Fahienhoit by tht 
formula T" = 65 , , where S is the external surfuce of ihr 

armatui-e in square inches, ami A\' the number of watis transfdnncl 
into heat. 

Thei-e remains yet to determine the strength of thi^ tiol<!. Tlii'' 
you may either roughly estimate or calculate carefully, (ieneriilly 
you do both ; you estimate first what will lie the stioiigth of hi!l<l 
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which may be reasonably ox])Octed with a given ai-matui'c, and then 
lou calculate what exciting power in amjjtire turns you njiiMt, emiiloy 
an the flo)(] magnets to get this strength of field. The iriiliiction 
in armature cores, that Is, the nnmlier of lines of iori-a jiasBing 
:hrongh one square centimetre of core, varies between 12,000 
ind "20,000. If you emjiioy a smaller induction you f;et ton large 
i machine for its [lOwer, and if you employ a larger indui-rimi 
yon raijuire too much exciting wire and too much exciting energy, 
;hns increasing the first cost and decreasing the effifii:iicy of the 
machine. What particular induction should be chosen in oacJi case 
s a matter which must be detei-mined for each case, Imt it would 
LJike too much time were I to attempt to discuss this subject fully. 
Fo do so would mean giving a complete theory of the t[iaf;notic 
circuit and its application to dynamo electric machine:'. I will, 
:hereforf, merely state that for each machine there exists a dulinite 
rL'lation Itetween the exciting jiower and the field produced, which is 
most conveniently represented by a curve, such as shown in J'hie II. , 
Fi'j. 5, which represents the characteristic of magnetization of a motor 
intended to bo used on an electric locomotive. The points of the 
3urve arc obtained by plotting exciting |>ower in amjiiTo tni'tis on 
the horizfmtal, and field strength on the vertical. Tliough such a 
:iirvc can he predetermined fiom calculation, this particnlai' ciu-vo 
lias Imsou founil from experiment with the finished machine, and to 
explain how this is done I must refer for a moment to tlie rcliit.ion 
between field strength and electromotive force, for it is by i>bsiTving 
the latter that we arrive at the former quantity when ni^ikiiig such 
experimental in vestigations. 

Just OA all the mechanical forces acting on the armature wires on 
one side of the line, {['Inle I., Fig. 3) are added, so are also added 
the eloetrouiotive forces generated in these wires by viriiip of their 
cutting the tines of the fiebl at a cerbiin speed. With snine slight; 
modifications, the method which 1 used for arriving at tlie ti>tnl pull 
will, therefore, he suitable for iirriving at the total electromotive 
force. These modifications are so simple and obvious thiit. I need 
not go through the mathematics a second time, but m;iy at once 
state the result. Calling E the electromotive force in volts iiiiil n 
the speeil of the machine in revolutions per minute wc obtain 



E=Ft 
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Before discuBsing this equation, let us for a moment go back to the 
tor(|iie fornmla. We have seen that the torque is [j|-oportional to 
the strength of field and to the current. Xow torque multiplied 
liy speed represents mechanical energy, and the latter is, therefore, 
jiroportionai to the product ZCn. But the two factor.* Z and i. 
recur also in the formula for the electromotive force, which is pro- 
|fortionaI to their product. We thus find that the product of current 
;jid electromotive force represents energy, a resitit in perfect acconl 
with the furidaraciital conception of the slider, as given in the 
lieginning of this lecture. In practical measure the electrical unit 
iif energy is the volt-ampei'e, or " watt," and this represents the 
T46th part of a hoi-se-power, or 746 watts make up one hoi-se-power. 
To find the H.P. represented by a current, we multiply it with the 
l>otential difference under which it Hows, and divide by 7-16. For 
greater convenience — making the reduction from watts to H.P, — Mr. 
Reckenzaun has devised a graphic method, which is shown in J'littf 1., 
Fig. 4, and which is self-explanatory. 

Now to return to the electromotive force fomiula. We know 
the niimher of turns on the armature, and we observe the speed and 
electromotive foi-ce at various exciting powers. This gives us the 
strength of field corresponding to those exciting powers, and we can 
'.bus plot the curve of magnetization, or, as it is also called, the charac- 
teristic of mf^netization (PhUi' II., Fig. 5). I should have mentioned 
that in making these experiments wemustonly allow a small current 
Lo How through the armntui-e, in order that the obsei'ved pressure at 
the brushes may trufy represent the internal electromotive force. If 
the current is large some electromotive force will be lost in resistance, 
md in a^ldition there mil be produced a certain alteration and dis- 
tortion of the field, ihie to the ai'matui'e cun-eiit. The latter effect is 
more pai'ticularly noticeable in machines having cylinder armatures 
and small field maijncts. The wires inside the cylinder proiluce a 
magnetic field of their own, and this is a cause of sparking at the 
brushes, additional to the other causes of sparking, which we find in 
drum macliines. To get rid of sparking, we must shift the brushes 
backwai-d rather farther than would be required in dnim machines, 
and thus we lose some of the lines which would otherwise help in 
producing electromotive force. In other words, the F or Z in our 
formula will be somewhat decreased as the current and the work 
done by the motor increases. Another effect of the inside wires in 
a cylinder armature is that the internal field produces heating in the 
shaft and other metal parta between the shaft and the amiatiu'c 



core. This, of course, meims loss of power. Nevertheless, cyliiiflcr 
armatures lire geiierally preferi-wi f»r tiuetioii woi-k liecausc the 
insulation is more easily obtaiuiMl, especially in huiuH machines, 
wound for high pressure ctiri-ents. An imjiortant practical lesson 
may be learned from analyzing the expression which I have just 
fpven. Suppose we have to do with a shunt machine worked on a 
constant pi-essure circuit, then the exciting power will he constant, 
and F would be constant if the disturbing effect of the armature, of 
which 1 have just spuken, were absent. But since this distributing 
effect can never be entirely avoided, it follows that as the current 
increases, F will he slightly decreased. If we wish to preserve the 
speed constant we must arrange for a slight drop of electromotive 
force. Now this is exactly what hapj)ens in actual work. The 
electromotive force E nuist be overcome by the pressure in the 
sujiply circuit, and is, thei^efore, equal to the difference which 
remains, after deducting from the constant supply pressure the 
electromotive force I'equired to overcome the ohmic resistance of the 
armature. The greater the current, the le^s electromotive force 
remains for the armature, and if we can so design the machine that 
the electromotive force lost in resistance equals the electromotive 
force lost in armature re-action, we obtain a motor which, on a 
constant [>rcssure circuit, will run at a constant speed, though it« 
mechanical load may vary within wide limits. It so happens that 
this condition can be easily fulfilled in ordinary shunt machines, the 
rcsistjince loss in which can bo kept within five per cent., whilst loss 
of electromoti\e force due to armature re-action need not much 
exceed this limit. A shunt machine forms, therefore, a very good 
self-regulating motor, a fact fii'st discovered and published by Mr. 
Mordev .'(ome yeiirs ago. I come now to consider 



ThK Api'LICATION OF THE KlECTHUMOTOK TO TRA(moN WORK. 



Slnint machines are not of much value m traction work. Their 
constancy of speed, to begin with, is not reipiircd, and, in fact, not 
desirable. We do not want to tear up hills at the speed of level 
running, but are content to go a little slower, and thus keep the 
expenditure of power within reasonable limits. The great draw- 
back to Khunt machines is, however, their want of starting power. 
If we have a series machine, the conditions of working are far better. 
At starting, when there is the first rush of cuiTent, we at once obtain 
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the strongest possible field and a maximum torque, whilst as the car 
gets under way and requires less power and, therefore, less current, 
the field strength decreases and causes an increase of speed, as will 
be seen on inspection of the formula for E. Thus on gi-adients 
where we want more power we get it, but at a lower speed pnd on 
the level where we want more speed we also get it, but at a smaller 
expenditure of power, all of which is just what we want. The series 
machine has, however, one drawback, and that is in running down 
hill. As no power, or only very little power, is required to propel 
the car down hill, the current must be small. The field must 
consequently be weak, and if we are working on a constant pressure 
circuit the speed must be excessive to get the counter electromotive 
force up to the value required by the supply electromotive force. 
We must, therefore, check the car by either putting resistance into 
the motor circuit, or by lowering the supply electromotive force. 
The former is done where the current is derived from a conductor, 
the latter where it is derived from a storage battery. In neither 
case can the energy of running down hill be recovered. We may 
briefly sum up the advantages and disadvantages of the two types 
of motors as follows : — 

A shunt motor is a bad starter, and runs too fast up hill ; down hill 
it runs at a safe speed, and may even be made to yield up part of 
the energy of the car running down hill. 

A series motor is a good starter and hill climber. On the level, and 
on down grades, its speed is apt to become excessive. The latter 
effect is avoided in practice by inserting artificial resistance, or apply- 
ing the current only periodically. 

You see that neither of the two methods of winding field magnets 
gives a perfectly satisfactory residt, but as the faults of the one are 
not the faults of the other, it might reasonably be expected that a 
combination of both methods — in other words, a compound wound 
motor — would be satisfactory in every respect. This question I 
propose to investigate in some detail by means of a graphic method, 
but to make you familiar with the method, I shall first show its 
application to the more simple case of a series motor. This course 
is the more justifiable, jvs at present the seiies motor is more generally 
used than the comi>ound motor. Let the weight of the car when in 
service be nine tons, the supply pressure be constant at 300 volts, 
and the maximum cun'ent which the motor can take for a short time 
be 100 am|>eres. The current which will actually flow through the 
motor depends uj>on the propelling force required by the car at any 
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particiilar moment, or. in other words, on the gradient. We could, 
therefore, plot a curve representing the current as a function of the 
gradient, or if we have a profile of the whole line, we could insert the 
current corresponiling to each section. I have, however, as a matter 
of greater convenience, reversed the process in the diagram {Plate II,, 
Fi-j. 6), and .plotted the gradient as a function of the ciirrent. The 
heaviest gradient I have a.ssurae<l as existing on the line is 100 [ter 
1,000, or a rise of ten per cent., but I need scarcely say that such a 
steep bit would not be found on any line. 1 have taken ten per 
cent, as the maximum in onler to allow for the increased resistance 
to traction on a cun'e which may occur just at the steepest [lurt. 
Thus the line may have no gradients steeper than 40 in 1,000, but 
the resistance of curves aufl the necessity of sometimes starting on a 
gradient will have the same effect as if all the gradients were steeper. 
If we assume the efficiency of the gear between the armature spindle 
and the axles of the car wheels to be 75 per cent,, the resistance to 
traction on the level at 271b3, jjer ton, and the resistance of the 
motor to be -6 ohm (whicli figures may be taken as fair avoriige 
values), then we find by an easy calculation that the speed of the 
wir on the heaviest part of the road will I>e four miles per hour. 
The power actually i-epresented by the moving car amounts to 24 
horse-power, and that supplied to about 40 horse-power, showing 
an cHiciency of 60 per cent. You will, ijerhajw, bo astonished at the 
large amount of power required by a 9-ton car, when you consider 
that an ordinary O-ton car is worked by two horses. It would, 
however, be mislearling to judge of the power by the number of 
horses, because a horse will, on an emergency, exert a tractive effort 
far in excess of that corresponding to a mechanical horse-power, just 
as a man will for a short time be able to exert considerably more 
than a man-power. If you set a man to work steadily at a crank 
for the whole day, lie will not develop more than an eighth pa' t of 
a horse-jwwer, but if the same man runs ujjstairs be will, for the 
time, develop very nearly one horse-power. The mistake made by 
most hegiiuiers in electric traction work is that they underestimate 
the [wwer required. There is no use blinking tlie fact that we must 
provide plenty of power in ni'dei' to give a satisfactoi-y service. 
Keturning now to our problem, you have seen that one condition of 
working has l>een established. For this purpose we need not know 
the speed of the motor, nor its s[>eed lutio as reganis the car wheels ; 
these are details of design which do not require to be specially 
considorod in the general theory. We assume, however, that the 
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speed ratio, whatever it may be, for the heaviest gradient is the same 
for all gradients, and that the efficiency of the gear also remains 
constant at all loads. By efficiency I mean the ratio of the torque, 
produced by the current in the armature and the toixjue of the car 
wheels effecting propulsion. The latter is obviously proportional to 
the tractive force, or the stress, in a rope, if the car were haided along 
by it, and this force is the sum of the frictional resistance on the 
level, and the component of gravity acting against the motion on a 
gradient. Let W represent the weight of the car in tons, p the 
frictional resistance per ton on the level, and g the gradient in feet 
rise per 1,000 feet, then the tractive force in iK)unds is given by 

T = W(/>-h2-24i/). 

Since this is j>roportional to the armature torque, and since the 
latter is again proportional to the product of field strength and 
current, we have also 

T = KjZC, 

in which formula K^ is a co-efficient depending on the constructive 
datii of motor and gear. As regards the speed of the car in miles 
I)er hour, which we will denote by the letter M, this is, of course, 
proportional to the speed of the motor. As I have shown before, 
the counter electromotive force of tlie motor is proportional to the 
product of field strength and speed, so that we have the relation 

in which Kg is a co-efficient, and Jig ^^*® counter electromotive force. 
The latter is, of course, the difference between E, the electromotive 
force of the supi)ly cuirent, and fR, the electromotive force lost in 
ohmic resistance, or in symbols 

Eg = E — cR. 

By means of these four very 8imj)le equations we can now 
determine the condition of working on any part of the line. We 
suppose that the current is turned on and the car left to iiin as the 
balance of power between the propelling current and the retarding 
forces of friction and gravity determines. On the level the speed 
will be a maximum and the current a minimum, and as the gradient 
increases the speed will decrease and the current will increase. Thus 
to each current corresponds one particular gradient and one particular 
speed, all of which can be represented diagramatically, as I have 
done in Plate II., Fig, 6. 
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In this diagram the current is plotted bs alwcissa, ami gradient 
and speed ure plotted as oiiliiiatJ.'s. If the gradient lie given wo 
need only look out on the gRulieiit ciin'e the particular i>oint, the 
height of which above the horizontal represents the given rise per 
1,000, and tind below it the current which is required on this 
gradient. On the same vertical we also find the speed in miles |>er 
hour. 

There are also shown in the diagrams lines representing the 
electrical power sup])lied and the power actually utilize<l in propnlsion, 
and a curve Iwlow the horizontal which gives the efficiency, th.it is, 
the ratio between the power supplied and utilized. The diajiiam 
gives us ail the information retpiired to find the conditions under 
which the car will run on any [«iit of the line. Thus you see that 
as the gradient decreases, the current also deci'eases, and the speed 
increases. When the gr.idient is 12 per mille the sjieed is 7 miles 
per hour, and on the level the speed would increase to 10 miles per 
hour if we kept the current on and allowed the car to run uncon- 
trolle<l. Now so high a speed wouUl not be permissible on a 
tramway. The Board of Trade jirovides i^egulations, according to 
which the K|iecd must never exceed 6, or at the outside, 7 miles an 
hour, and iniist be i-educed to 4 milea in passing [Kiints and crossings. 
In our diagram the B[)eed cnrve for gnulients below 12 |>er 1,000 is, 
therefore, represented by a hoiizontal line, and to get the K|>eed down 
to this limit, or rather to prevent it rising beyond it. wc must insert 
a resistance int« the supply circuit. The curve marked ohms gives 
the amount of resistance which must be switche<l in, according to the 
gradient. Thus, on the level, we must insert about two ohms, on a 
down grade of 3 per 1,000 we must insert 10 ohms, and on a down 
grade of 12 per 1,000, we must insert an infinite resistance, that is 
t<> say, we must cut ofl' the current comjiletely. On such a grade 
the coni|>onent of gravity would just halance the frictional resistance, 
and the car ought to continue nmning down the incline with what- 
ever speed it had on entering it. 1 need hardly tell you that in 
practice such a nice Italance of jwwer is out of the ipicstion. If the 
incline is very steep, well and good. We can then cut off the current 
ami run down on the brake, but if the incline is not steep enough 
for this, then we must help the car on by electric power. Now there 
are two ways of doing this. We can turn on the current and insert 
all the available resistance, at the same time checking the descent by 
the brake, and this is the way which you or I, who have no ex|K!i'iDnco 
as to the driving of tram-cars, would adopt. It is, however, a wasteful 
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way, for by it we produce j>ower in the motor and destroy it again 
in the brake. The other way is to put the brake on as little as 
possible or not at all, and manipulate the switch so as to give the car 
a little push from time to time. This is by far the more economical 
method, but it requires care and experience on the part of the driver. 
As in ordinary town tramways most of the running is made on the 
level or slight up or down grades, you see at once that the greater or 
less skill of the drivers must have an important bearing upon the 
economy of the system. As an illustration of this I may mention 
what the engineer to a large Americiin tram company told me. The 
company work storage cans, and consequently the conditions are a 
little worse than with conductors, because the pressure derived from 
cells increases as the current decreases, and there is conse(piently a 
greater tendency to racing than where the pressure is kept constant. 
My informant found that an intelligent, well instructed, but 
inexpenenced driver will invariably run more charge out of the 
battery than an experienced dnver. If the man has been on the 
road for a few weeks he begins to know it, and to acquire confidence, 
with the result that he saves 25 per cent, of the charge which he at 
first found necessary to run out of the battery over a given distance. 
Thus, by superior skill, he can make \\\) for what is an inherent 
defect of the senes motor. To recapitulate. If we make the motor 
large enough to overcome the worst part of the road which can 
possibly occur, then it will be too large for level parts and cause the 
car to race unless checked by the brake, which is wasteful, or by a 
continuous manipulation of the switch, which requires great attention 
on the part of the driver. If, however, the driver should lose his 
head at the critical moment, then the current will not hold the cur 
at a safe speed, as is the case with u shunt motor, and an accident is 
very probable. That such accidents do happen occasionally cannot 
be denied. Some months ago we read in the papei's of a runaway 
car in America, and the accident near Florence is no doubt still in 
your memory. It should, however, be not^sd that in this respect the 
electric car is no worse than any steam locomotive, which also will 
run away on a down grade if the driver does not shut off steam and 
apply the brake. 

Now let us see whether the electric c«ar can be made safer than a 
steam locomotive by using a compound instead of a series motor. 
The answer to this question depends in a great measure on the ratio 
between the series and the shunt winding. If the shunt winding 
preponderates we get almost perfect safety, but impair the starting 
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power and the iH)wer to got over bad paits of the road with a reason- 
able exjjeiiditui-i! of energy. If the series winding preponderates 
we get great stafting jx^wer, but at the cost of riMhicitig the factor of 
safety. I can best explain this by reference to the two diagrams 
(Platf II., Figs. 7 and 8). The former diagram rcpi-esents the ruiniing 
condition of a car iitted with a eomjwund motor, in which the series 
winding is more impoi*tant than the shunt wiiiding. The construc- 
tion of the diagram is the siime us that of Fiij. 6, and I tiued not, 
tiierefoi'e, stop to ex|ilniri it. Of the maximum exciting power of 
■JO,UOU ampere turns required for the production of the strongest 
field, the shunt only supplies 4,000 amjM'ro turns, the series windiug 
supplying the remainder. To make this matter clear, I have drawn 
the chai'actcristic of magnetization on the lower part of the diiignim, 
and placed the origin of the running diagram over the point corres- 
]ion<]ing to 4,000 ampere turns. All the excitation beyond that is 
given by the main current and measured to the right of 0. The 
gradient and speed curves are inserted as before, in full lines. You 
see that on the level the speed is still safe, but on a down grade it 
becomes excessive. I would inrite yonr attention to the turn at the 
bottom of the curve representing the gradient. At a down grade of 
12 per 1,000, the speed might be 9'6 miles per hour and the current 
zero, that is to say, tliei'e might be an e.xact balance between the 
supply electromotive force and that ])roduced in the armature of the 
machine which is being worke<l by the descending ear. I say 
advisedly " might be," because you will see from the diagram that 
there is a second point on the gradient curve for which the descent 
is 12 {ler 1,U00, namely, on the oxtrenie left. For this [H)int the 
current is negative, and amounts to 25 amiwres, the sjMied is infinite, 
and the motor has no magnetic field at all, as you will sec by looking at 
the curve of magnetization. This point is of so much importiuiee 
that 1 will stop for a moment to explain it in a different way. AVe 
ha\e started with thu assumption that we have to do with a com- 
[jound wound machine, in which both the shunt and main coil act in 
the same sense. This, however, only applies to the condition of 
working for which the machine has boeti designed, namely, to absorb 
electrical energ}' and give out mechanical enei^y. Now, il the car 
is running down hill and driving the motor (instead of the motor 
driving the car), then the motor absorbs mcchaiiiciil and gives out 
electrical energy, becomes, in fact, a generator giving current to the 
line. The direction in which the current itasses through the machine 
has now been reversed, and we must consider the current as negative 
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and plot it to the left The direction of the ehiiDt t 
however, remained the same, and wo see, therefore, that the main 
curi'ent teii<ls to demagnetize the field instead of helping to inagnetixe 
it. The greater the niuin current tliu greaWr is the demagnetizing 
force, until with 25 amperes the demagnetizing force of tlie main 
current is exactly equal und o|>poaite to the magnetizing force of the 
shutit current, and no field at alt is jiroduccd. By refening to the 
formula for counter electromotive foi'ce, you wilt see that the pro- 
duct of lield strength and speed must l>e a constant for any given supply 
condition, and the weaker the field, the faster must the machine run 
to get the required halance between the supply electromotive force 
and counter electromotive foree. This explains why the speed 
iucreases as the np grade deci-eases, and why, on a down grille. If 
this is steep enough to cause the motor to work us a generator, this 
8[>eed tends to become infinite. The mischief, j'ou will observe, ia 
entirely due to the demagnetizing [jower of the main current, and 
the remedy is obvious. We need only take away this demagnetiz- 
ing power when going down hill, and the current will keep the car 
at a safe speed. In other words, we nmsl cut out the main coils 
anil work the motor as a plain shunt machine. Arrangements for 
strengthening or weakening the power of the shunt are frequently 
used in motors, and if we lit some such aiTangemcnt to our car 
motor which will enable us to keep the excitation of the shunt alone 
at 20,0uO amijcre turns whilst the main is cut out, the s]»eed will 
remain nearly constant on all grades, as seen from the dotted speed 
curve in the diagram. The graflient curve is also sliown doited, 
Vou see that we can now run down a very steep giude without any 
daJiger of excessive s|ieed, but to obtain this ixisult we hail to dujKut 
in a certain measure from our original programme, which was to tit* 
a eom|K)Und wound motor pure and simple, \^'e use such a motor 
for the up gi-adcs, but on down gratles we tninsform it into a pure 
shunt motor. 

Without going into details, you will easily understand that this 
transformation may be cHcctud oidy partially if desired, so that the 
speofl at which we run may Ikj Instween the limiting values given by 
the two 8]>eed curves. If we use the bi'ake we can, of course, run at 
any specl we like, hut if for the sake of saving power we aim at 
running free, we can alter the speed within the limits shown in the 
diagmni, nnd we can do this without wasting |)ower. We can do 
oven more ; we can give IricI* power when rumn'ngduwn hill. Heri' 
yuu have a jxiint of superiority of electric cars over steam locomu- 
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lives. A locomotive running down a hill cannot in any way assist 
another runninf! ii]»a hill on another part of the line. With electric 
call; this is [Josaible. The descending car gives current to the line, 
which at another point may be used in helping a car to ascend. We 
must, however, Ije careful not to over-estimate this advantage, and to 
help you to form a correct estimate I have put on the to}i of the 
dii^ram a line representing the power which corresi>onds to the 
current. The hue to the light of the origin gives by the height of 
its ordtnates the (wwer ex[Kinded, and that to the left, the [jower 
recovered, or rather the power recoverable, for it is necessary to 
bear in mind that |)ower can only be obtained from the car running 
down hili if the road is clear, so that the full speed can be kept up. 
This condition is, of course, not found iti tram lines in townii, but 
there is no reason why in an electric railway ninning across country 
a ponion of the power required by ascending trains should not be 
furnished by the descending trains. 

I have shown you that the compound motor pure and simple (at 
any rate, a motor in which the main preponderates over the shunt) 
is very httle safer as regai'ds racing than the plain series motor, but 
can be made safe by the addition of certain coils and switches, which 
must be handled by the driver. Now let us see how the case stands 
with a compound motor, in which the shunt is very strong in com- 
parison with the main. Fvj. 8 is the rntming diagium of such a 
motor. The constant excitation of the shunt is twice iis great as 
before, anil pioduces 80 per cent, of the total field strength. I need 
not explain the diagram at length, since its construction is identical 
with that of Fig. 7, but 1 would draw your attention to the gradient 
hich dips down much lower than befoi'e, showing that the 
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Before leaving the subject of speed control, we must for a moment 
go back to the series motor, and see whether it could not l»e impro\'ed 
in some such way as will allow us to keep the speed within safe 
limits without the wasteful device of aitificial resistances. Vou will 
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sea from Fig. 6 that the best eSicieiicy is obUihied on fjrailieiits of 
about 10 in 1,000, and that on steejter gnuies the etficient-y is sliU 
very fair. On gra<ltentri below 10 there is a rapid full iu the 
efficiency curve, and since most of the running is done on more or 
less level parts, or at any nite since there must be as much 'Juwn 
hill as uphill work, it becomes important to reduce, if possible, the 
waste of [wwer inscjiarable from the use of a simple scries wound 
motor. Now what ij the reason of thi.'i Wivste 1 It is that un the 
level we want very little current to projiel the car, and this current 
is not large enough to fully magnetize the field niiignets. What we 
lack in magnetism wc must maku up in speed, or we must check lh« 
current by inserting an artificial resistance. If we could, howe\er, 
so arrange the winding of our fiehl magnet that the small current 
will develop as much magnetism as the large current, then the 
Bj^ed on the level will also remain within safe limits, and we need 
not insert a resistance. You will easily see how this can be done. 
In Fii}. 6 we want a current of 100 amperes to develop the full 
strength of the field, which requires 20,000 ampere tunis. We 
have, therefoi-e, 200 turns of wire on the magnets. Now let ua wind 
800 additional turns of wire on the top of the 200, making in all 
1,000 turns, and you see immediately that a current of 20 amperes 
will produce as much field strength as was produced formerly by a 
current of 100 amperes. We combine with this ailditional winding 
a switch which enables us to either send the current through the 
whole of the winding or through only the 200 turns first put oil 
If we are i-unning on the level we put in all the field winding, and if 
we are running on a steep grade we put in only the 200 turns. In 
either case the speed will be al)out the same. In practice it is cus- 
tomary to sub-divide the field winding into more than two ]K>rtioufi. 
We might, for instance, have the following divisions : — 200, 400, 
700, and 1,000 tiu'us, and correa|Kindingly four contacts on our 
regulating switch. It is important to note that the wire need not 
all be of ihe same size. There would, In f;ict, not be room for it, 
since the available winding space is always a limited i]uantity, but 
especially so on motors for traction work, which must be made com- 
pact. The first 200 turns, which are always in circuit, and have 
to carry the heaviest cuiTent^ are of the stoutest wire ; t,lie next 
200 turns are made of smaller wire, the next 300 of smaller still, » 
and so on, it beiiig obviously i»er(iiissible to reduce the gauge of the 
wire, since the additional coils are only used for small currents. 
This system of winding has first been useii foi electric traction work 
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hy Mr. Sprague in America, but U now also employed here and on 
the Continent, Time will not permit my bringing before yoii thi/ 
many interesting details which have been worked out in connection 
with the Spmgue system during the list few years, but I woulij 
draw your attention to Fiff. 9, which shows the running dii^riini 
ohtained with * series motor, whose field coils are sub-ilivided in tJie 
manner I have just explained. There are four speed and four 
gradient curves shown, coiTciponding to the four positions of tho 
regulating switch. The abrupt steps connecting those parts of the 
curves, which ire shown in full lines, coiTespond with the shifting 
of the switch fi-om one contact to the other, anil you will see thut by 
properly handling this switch we can, even on slight down gimles, 
keep the speed within the seven-mile limit We can, in fact, notch 
up the switch lever very much in the same way as a locomoti\c 
driver notches up his expansion gear, and thus prevent wa3t« of 
power. The effect of this notching up you can observe in the 
efficiency curve E, shown in the same diagram. You will see that, 
in no place does the eflSciency fall below 60 per cent. 

There are other devices for controlling the speed without sacritit- 
ing economy of working, and of these I will mention the two most 
im])ortant. The one was originally intro<luced by Mr. Reckenzann, 
and consists in the employment of two series motors, the armatiu-eH 
of which can be cou[)led in series or in parallel, whilst the field 
excitation can also he varied within certain limits. If the armatures- 
are in sei'ics, each gets only half the sujtply electromotive force, and 
the s[>ced is reiluced. If the armatures are in parallel, ciich gets tlio 
whole supply electromotive force, and the sjreed is increased ; oi' if 
on a heavy pars of the road, the power is iticreaaed at the same tinii', 
the excitation :an be varied to give the finer adjiistmunt of speed. 
All this is done by means cf one single handle, working a veiy 
ingeniously CO i.trived switch. As regards the employment of tMn 
motors instead of one, it may be objected that this entails ailditional 
complication. On the other hand, however, it atTords greater safety 
against a complete breakdown. The strain on motors in tramway 
work is exceedingly heavy, and the motors from their position under 
the car, where they are exjxiged to mud and ilust, are more liable ti> 
break down than stationary machinery. I have not been able to 
obtain from English companies any reliable statement as to tlic 
average rnn before a breiikdown occni-s, but from infoi-mation sup- 
plied by American and Continental compaides, who, be it remarked 
by the way, are tar more liberal in this respect than our own 
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coiintr}inen, I find that 1,500 miles is about the avenge distance 
nin without u greater or lesser mishap. It is, therefore, highly 
im[>ortant not to bo de[jendent on one motor only, ami Mr. 
Keckenzaun's load as regards the employment of two motors has now 
been extensively followed by other designers and makers of electric 
cars. 

The second system of speed regidation to which 1 desire to draw 
your attention is only applicable to st(ir.^e cars, and was first em- 
ployed by M. Julien on the Bnixelles tramway. It consists in sub- 
dividing the battery into two or otlier even number of sections atii! 
grouping these in series, compound {)arallel or simple parallel, so as 
to vary the supply of electromotive force, and therefore the B])e«l 
and power in accordance with the re<]uirements of the road, niia 
system is in use at Birmingham and on the Barking lioad tntm 
line. 

The Gearing of Elkctromotors. 

A point of great practical importance is the mechanical connection 
between the spindle of the electromotor and the axle of the car. In 
order to have a motor of small weight and bulk, we must nin it at 
great speed, whereas the speed of the car axle cannot exceed a cer- 
tain limit depending on the travelling speed and size of whecli'. 
There is consequently required some kind of sj)eed-reducing gear, 
the ratio of which varies for the usual run of tram car between 6 to 1 
anil 10 to I. Whatever type of gear is employed, it must l>e as far 
as possible noiseless, light, occupy little synco, waste little (wwer, 
and it must not be deranged by the vertical motion of the car. The 
most perfect gear would of couree be one in which the speed ratio 
could be varied at will, bo that the motor might be kept always 
running at a constant sijced ; hut no such ge;ir has yet been practi- 
cally successful, and meanwhile we must be satisfied to keep the 
ratio of the gear constant and vary the speed of the motor. All 
kinds of gearing have been tried, lielts, both solid leather and links, 
silk cords, cotton ropes, flexible metallic spiral cords, link chains, 
spur gear, helical gear, and worm gear. Of these only the last three 
have stoo<l the test of every-day use on electric tramways. 

For electric railways the necessity of a speed-reducing gear is not 
so great. The locomotive can be specially constructed for a \»Tff! 
motor, and the speed is generally much higher, which facilitates 
direct coupling. At the same time, the road is much l>etter, the 
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gradients are easier, and consequently the tractive force per ton is 
much sniiiller tlien od a tnimwiky, so that the ratio between the 
torque, which can be developed by the armature, and the dead 
weight of the train, becomes more favourable. There is no time to 
go into the liptaiJs of the various methods of gearing used in actual 
practice, and I must content myself with giving you merely a sketch 
of throe ty[ios wLich have been successfuily applied. These are : — 



Direct Driving. 

This is the system adopted in the electric locomotives designed by 
Dr. E. Hopkinsoii, and made by Messrs. Mather & Piatt for the City 
and Southwark Eailway. There are two motors, the armatures being 
mounted on the jxles, by which means the use of gearing has been 
entirely ai'oided. The supply electromotive force is 4-50 to 500 
volts, and the s|iced att-iinable is 35 miles per hour when the arma- 
tures make 310 ravolutions per minute. Each armature can develop 
oO hoi-se-powcr. By virtue of the inclination given to the field 
magnets, the available space below the axle has been utilized to the 
fullest possible extent, whilst at the same time the yoke part of the 
field magnet can move up and down with the frame of ihe loco- 
motive without iiltering the ixisition of the pole-pieces, which are 
supported in beaniigs on the running axle. 



Spur Gearing. 

This is used by Sprague, Westinghouso, Thomson & Houston, 
and scvciul European firms. In the design adopted hy the General 
Electric Power and Traction C'omi»any the motor, which is of the 
cylinder type, is mounted on a cast-iron fi-amc, and the latter is 
su|i]Mirtod partly lu bearings on the car axle, anil |mrtly by a spring 
at the other end This end of the frame participates to a certain 
cxteEit in the u|>and-down motion of the car frame, but any jerk 
is taken off by iw own spring suspension, whilst at the same time 
the hinging of the frame on the car axlo cnsui-es correct gearing 
under all circumstances. The motion is transmitted by means of a 
countershaft, and there arc two motors, each working its own car 
asle independently of the other. The pinion on the motor spindle 
is made of grey vulcanized fibre to prevent noise and jarring. 
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Worm Gear. 



If engineers were entirely guideti by the standard toxtrbooks > 
niftchinory, thoy would never have given worm gearing even a trii 
for it has long been an axiom laid down in these texUbooks that tl 
efficiency of a wonn and wheel cannot exceed 50 or, at the oiitsidJ 
60 per cent. So low an efficiencj- would, of course, pretliKlc 
ein|iloymeiit of this particular gear for all purposes in which w; 
of power must be avoided. In this particular the standiiiil ti 
books are, however, wrong, and the experiments of the Ki.'slm 
Cdnimittce of the Institution of Mechanical Engineers :li\<! hi 
other experiments have shown that the co-efficients of iriitimi 
viously adopted were far too high when the surfaces Wfi' li.iiliei 
oil. The pitch of the worm has also an important inHujiui' uii 
power wasted in friction, and by a long series of cxpeiiiuojits v 
different materials, different shapes of teeth and different pitch. Mn 
Eeckenzaun has succeeded in designing wonu gearing which i 
point of efficiency is almost, if not quite, as good as sjnir -^ 
whilst it has the additional advantjtge of Ijeing absi.liid ly 
The worm is cut out of solid steel, and has a double tbi' ml 
times a treble thread) which gives it a pitch sufficiently 1, 
allow of its being driven by the wheel, so that the car can frc 
down hill. The whole gear is boxed in, [Kii-tly to protect it fro 
dirt and partly to allow an oil Irnth to he applied, by nn 
which the friction is materially reduced. When two motors i 
employed, each is mounteil on a bogey indoiiendently uf the < 
body, but for small cars carrj'ing only one motor the latter is fixeJ 
under the car frame, and geared with one or both of the axles 
short lengths of shaft with flexible couplings. 
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PAPER X. 

PETROLEUM AS A PRODUCER OF 
ENERGY. 

By H. Graham Harris, M.Inst. C.E., M. Inst. M.E., Etc., Etc. 



LECTURE I. 

In December, IStiS, when I before hail the honour of lecturing in 
this room, the matter with which I had to deal — that of "Continuous 
Brakes " — was one dc|)endin}; for its success almost entirely on the 
description of minute detail, not only in the machinery and apparatus 
constituting the hrakes, but in tlic theory involved in tlieir use and 
application. 

The subject, however, upon which I have to talk to-night and 
to-morrow night is one of which no such complaint can be made. 
"Petroleum as a Producer of Energy"— the title chosen hy the 
authorities here — embraces within it a field so vast as to render it 
almost impossible for me to deal fully with it in the time at my 
disposal. 

As we consider it, you wil! find that there is involved in this title 
an almost limitless field for s])cculation and consideration, even in 
theory alone. Further than this, practical commercial results are 
only recently being attained, and all sorts of suggestions for improve- 
ment and for alteration arise in one's mind when the subject is at 
all fully considered. I do not propose, however, to ti-ouble you 
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with much theory, as, hickily for me, my audience is a technical 
one, and one therefore which I may well assume is, to a large 
extent, acquainted with the various theories involved. You will 
find, therefore, that on many points I simply suggest, and of many I 
take it for granted you are cognisant. 

I should not propose to trouble you at all with any remarks as 
to what petroleum is, or as to its origin, were it not for the fact that 
within very recent times the great Eussian chemist — Professor 
Mendelcef — has proiX)iuided a theory of the origin of petroleum 
which is most ingenious and beautiful. This suggestion differs to a 
large extent from all others that have hitherto been propounded, 
with the exception of that of M. Berthelot. As I have said, how- 
ever, I do not propose to trouble you with these, but will refer such 
of you as are interested to the book by Mr. Benjamin J. Crew, 
published so recently as 1887 by Messrs. Sampson Low, Marston & 
Co. This book discusses very fully the whole question of the 
origin, production, chemistry, and ordinary utilisation of petroleum. 

Professor Mendeleef s theory was published in England by Dr. 
Anderson — now Director-General of Ordnance Factories — in his 
presidential address to Section G of the British Association, at 
Newcastle last autumn. Paraphrasing from this address — which 
may be found printed at length in Engineeiimj for the 20th and 27th 
Sej)tember, 1889 — the origin of petroleum may be shortly stated as 
the following : — 

It is universally agreed that in the depths of the earth there are 
fluids or soft substances at a great heat and of great specific gravity, 
among which molten iron and other metals, either pure or existing 
as carbides, would certainly be found. Now the crust of the earth 
is very thin in comparison with its diameter, and as, in the course 
of time, this thin crust cools, cracks or fissures are developed in it 
from shrinkage; and through these cracks, surface waters find 
their way down into the molten masses below. When these waters 
and the molten masses, which are composed chiefly of metals, come 
into contact, the oxygen of the water combines with the metals, 
forming an oxide, and the hydrogen from the water is either set 
free as hydrogen, or, combining with the carbon which had hitherto 
been associated with the metal, the volatile substance — naphtha — is 
formed ; but not in its liquid state, because of the heat of the molten 
masses with which the water had come into contact, but naphtha in 
its vapour form. This vapour rising either through the fissures 
down which the water had come, or through other fissures, reaches 
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the cooler crust, and ia there condensed into a liquid, collecting in 
large volumes in the ere rices or strata, which will hold or 
absorb it. 

It is obvious that the constituents of a liquid thus formed would 
vary through very wide ranges, and would depend npon the relative 
quantities of water and of metal, or of carlioii, and to some extent 
on the heat at which the combination took place, or of the mass 
with which the water has come into contact. 

This is roughly the theory of the great Russian chemist, and if it 
is con-ect — and jjetrolcum can be, and has been, artificially pro4l»ced 
in such a way as to justify our belief in it — then we may rest content 
that o»ir store of jwtroleum wili not be exliaiistcd for some consider- 
able time at least, in spite of the vast quantities which are yearly 
used. 

It is, perhaps, hanliy our business to consider whether this sug- 
gestion as to the origin of petroleum is correct or not, but it seemed 
to me one which might well be stated to you ; first, because of its 
intrinsic beauty, but mainly because we sliall directly have to con- 
eider the mode in which petixileum is, in practice, used to obtain 
energy, and we shall then find that its properties of yasy evaporation 
and of condensation to the liquid form are those upon which some, 
or all, of the modes by which energy is produced from it are 
dependent tor their success. 

I should here just like to call your attention to the statistics of 
the petroleum trade for the year 1888, which have been recently 
published : — 

NuiiiIhh' of Bwireis uf Petroleum AnauaUy Imjxnied iuiu Gieal 
Biiiain. 



Ye»r. 


.-.„^ 


Kusi*ii. 


ToUl. 


1883 


1,329,004 


502 


1.329,506 


1864 


»2T,91B 


11,078 


944,997 


1885 


1,367,720 


70,149 


1.437,869 


isea 


1,363,801 


46,814 


1,410,615 


1887 


1,444,350 


88,4Q7 


1,632 811 


1888 


1,286,148 


549,126 


1,835,274 
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You will sec from this tiiblc thut the qiumtity imported has 
incrwised from a little over 1,250,000 barrels in 1883, to 1,835,000 
for l;i88. Now as each of these Iwiri^els contains 40 gallons, and 
weighs, i-ouyhiy, about 3cwt.— if the siiecifio gravity of the whole 
is taken as alwut 8'50--theii this means that there were shipiied 
to this country, am! useil in the year 1888, over 275,000 toDs 
of petroleum. Further, as the calorific value of petroleum may be 
titken as 50 per cent, greater than that of the best Welsh coal, it 
means that this quantity was equal, in heating effect, to about 
412,000 tons of coat. 

As a fact, the year 1689 shows a large increase in the quantity 

Again referring to the table you will further see that while the 
quantity from America has practically remained stationary, the ship- 
ments from Russia have increased from 500 barrels in the year to 
55,000 in the year. This increase is largely due to the leas cost of 
freight, for Russian petroleum is now brought over in bulk In ships 
consisting of tanks, into which, and from which, the oil is piimiW, 
thus enabling a very much larger quantity to be carried, besides 
saving the cost of barrels and of their freight to and from England. 
This mode of carriage, however, has, during the year 1880, been 
introduced into the American oil business, the new [letroleum tank 
steamer Lttx, with a capacity of over 2,100 tons of oil, having, within 
the last few weeks, discharged her cargo at South Shields. 

Professor Mendeleef — to whom I have already referred— has 
recently stated that the prospects of the increase in the liu.<isian 
trade are enormous, and that Che Baku wells are not, as was 
en-oneously stated, showing signs of exhaustion. 

I shall have again to refer to this table when I point out to you 
how much "energy " in the way of horse-power could be obtained 
from such an amount of petroleum as this. 

Let us now conie to the second part of our title, and let ua con- 
sider what it is that petroleum is called ujwn to produce ; why it 
should be jHissible to province energy from it ; and how, in practice, 
energy is produced from it 

The word "energy," when used in the connection (to use an 
Americanism) in which it is used in our title, may be said-broadly 
speaking — to mean power ; and you, all of you, know that the pro- 
duction of power must, of necessity, be accompanied bj" motion, or 
by the tendency to motion. Further, you know that heiit and 
motion are convci'tible the one into tho'ot,her ; and as it is u|xin this 
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question of heat that the ability of petroleum, or in fact of coal or 
of gas, to produce energy depends, let us tiike some little time to 
consider the way in which heat can be converted into motion or into 
energy. For, unless we are fully grounded in this portion of our 
theory, it will be impossible for us to comprehend the true causes 
of this energy production. 

I have told you that heat is convertible into motion or energy, 
and that these are re-convertible into heat. Let me try and prove 
this to you by that which is, to my mind — although it has been used 
before by others, as well as myself — the most common-place and yet 
complete illustration with which I am acquainted. This illustra- 
tion is, perhaps, more appropriate when addressing a military 
audience than any other which I could possibly use. 

In the year 1798, Count Rumford, one of the earliest of those who 
investigated and propounded the true philosophy of heat, stated that 
some 20 years before he had proved by direct experiment that if a 
gun was fired with a bullet or shot in it, the gun would not be 
heated to such an extent as it would be if it were fired with a blank 
charge alone in it, and he concluded, therefore, that a portion of the 
heat developed by the combustion of the gunpowder was absorbed 
or dissipated in some way (unexplained by him at that time) when 
the force of the explosion was used to drive the bullet from the gun. 

A little consideration will show you that if heat and motion are 
convertible, the one into the other, this is what should arise : that is 
to say, some of the heat of explosion should be transformed into 
motion in the bullet, and should not appear in raising the tempera- 
ture of the gun. Now, if this is that which arises when a bullet is 
fired, it evidently should be possible, by suddenly an-esting the 
motion of the bullet, to reproduce the heat which has been in it 
transformed into motion. 

If I were not dealing with a military audience, it might be neces- 
sary for me to show some experiments to prove this, which could 
be very simply t>6i'formed, but I do not think I need labour the point 
in the least, because you are all aware that when a bullet strikes 
the target, the rapid motion of the bullet being thus suddenly 
arrested, heat is developed, and if the bullet were made of a metal 
fusible at a very low temperature it would be melted. 

I think, therefore, we may take it for granted that that extremely 
interesting work of Professor Tyndall, entitled Heat a Mode of 
Motion^ has, in that title, irrefutable truth contained, that is to say, 
that it is true to its uttermost meaning. 



Let me try to impress this truth more fully upon your minris, and 
let IDC try also to enable you more easily to realise the modes which 
we use for comparing the relative amounts of work to he obtiiined 
from various sources of hciit. And in order to do this I will ask you 
to look at the following figure (Fig. 1). A big gun being one of the 




Fig. 1. — fiiy Gun. — The Simple Heat Eiujiit^. 

simplest and most elementary machines for the jiroduction of energ)' 
from heat, I have shown you here a section thi-ough such a gun ; at 
the lelt hand, the breech end, is shown the powiler, with the sliotin 
front of it. You wilt see that there is drawn from the base of the 
shot practically a vertical line, which reaches a [joint some distance 
above the centre line through the middle of the gun, and this puint 
is marked " 18 tons per si[uare inch pressure ; " that from this point 
a curved line is drawn towards the muzzle, curved so a?: to approach 
more nearly to the horizontal centre line as the muzzle is reacheii : 
and that at the muzzle there is another verticle line, marked " 5J 
tonf per square inch." Now, the sijace enclosed between the hori- 
zontal centre line of the gun and this curveil line above it is supijoeed 
to represent the work developed by the explosion of the powder, 
that is to sa}', if at any point you measure up the distance between 
the horizontal centre line and the curved line above it, the length 
of the line thus obtained will tell yon, when applied to the proper 
scale, how many tone to the square inch pressure there are existing 
in the gun when the base of the shot has advanced to this point, 
and yon will realise from this that in order to obtjiin these pressures 
tlie gas produced by the explosion must, if I may so put it, have a 
desire to occupy so much larger space, or to have so much greater 
volume, as will cause the pressure to exist. 

Now, the pressure and the temperature of a gas, if the volume or 
space occupied by it is kept constant, are measures, the one of the 
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other ; that is to say, with a volume kept constant, increased heat 
means increased pressure. If this is true, then wo see it must follow 
that the greatest beat exists in the gases just after the shot has 
started into motion, and at the time when the pressure has attained 
the \S tons on the square inch, which is marked on the diagram ; 
and that because the shot is uivancing along the bore towards the 
muzzle, the space between the back of it and the front of the breech- 
piece is increasing, and that the gases generated by explosion are 
having their volume increased and, therefore, their temperature 
lessened, and their pressure also lessened. 

What has our big gun diagram now taught us 1 Let us consider. 
It has taught us, first, that a large volume of gas at a high tempera- 
ture is produced on explosion ; it has also taught us that as this gas 
is allowed to expand, because of the forward motion of the shot, the 
heat of the gas has lessened ; and it has also taught us that as work 
is done in imparting to the shot the velocity with which it leaves 
the muzzle, heat has been extractefl from the heat devclo|>ed by 
explosion ; that that heat has been converted into motion, and as 1 have 
told 3'ou, and as you know from exi>erience, we can re-convert some of 
that motion into heat by suddenly arresting the motion of the shot. 

I think if I have succeeded in rendering all this plain to you, and 
if you will bear the big gun diagram and its lessons in mind, many 
of the more abstruse pointa upon which I must of necessity touch 
will be hirgely simplified. 

Now 1 have talked generally of heat and of motion, but it ia 
necessary, in order that we should be able to make a com[>ari3on 
between the efficiency of various machines, to have some standard 
or unit which will enable us to define qu^tntities or amounts of heat. 
The standard commonly employed varies in difi"erent countries, but 
in England a " unit " of heat is that amount which is necessary to 
raise lib. of water one degree Fahrenheit, that is to say. from 39-1 
to 40'1 degrees Fahrenheit, this being the temperature of greatest 
density of water. 

Before I go any further I must give you one caution, that is to 
say, not to confound the true meaning of the woi'ds " heat " and 
" temperature." As 1 shall have to show you directly, Uicse words 
really signify two different things ; and that dej>ending entirely 
upon what body it is we wish to raise or lower in temi)erature, wc 
shall have to put difTerent quantities of heat into it, or take out 
different qiuintitics of heat from it, in order to make given variations 
in its temperature. 



M 



Now, we found that our b g g gram t. gh h h 

iuldition of heat to a gaa ca d h as ts u k 

toustant, to increaae in pre h to ga 

desire — if 1 may so put it — x d n as 

u!so tatiglit us that the abstr n h h 

in pressure. Of course you e. h h tern 

gas is in excess of that of it m h li 

practically a perfect gas as Ij re 

will always be a tendency h lai h i^a. se 

volume imtil its temperatu b m n m h 

atmosphere. 

Now all bodies (or almos od h 

tions), bo they solid, liquid, oi gaseous, have a tenJenci tu un n. i 
their volume when heated. If we take a cast iron pipi', -inj f"'i 
long, iind we vary the tem|jerature of that pijje 200 di;;ii'i-. liut 
pipe will either cK|)aud to 801 feet long, or contract hi TLHi foi, 
according as we increase or decrease the temperature; tli:U i-.h' 
say, a cast iron pipe, SOO feet long, at the tempenture of ili'dogrci^- 
Fahrenheit, or freezing point, will expand to nearly 801 ffct if vi; 
fill it with boiling water, or raise its temperature in some way t 
another to 212 degrees. 

Mr. Benjamin Baker — the joint engineer with Sir John FuwIl'i, 
of that magnificent monument of engineering skill, the Forth Hiid^o- 
tollsme that he has there made an allowance of three-fourths 'if animii 
for ever}' 100-feet length of girder in each span, this bein.<: :vuliii:ieiii 
to provide for the diflercnce between summer and wiDtei tempera- 
ture, or say, 100 degrees Fahrenheit 

Ail of you, of course, know of the variations produced by 
heat and cold, as shown by the expansion and contraction of tho 
mercury in a mercurial thermometer ; and you know, nl^o, that the 
mercury expands and contracts to a much greater e.vtentthaci eitlier 
cast iron or the steel of which the Forth Bridge (s nuiiiiostil, 
Further the contraction and exjiansion of gases with viiriation •->'■ 
temjKjrature — steam, air, or whatever gases they may he— -arc vcrj 
much greater than those of either mercury or any solid or liijiiid. 

Now, I have given you, as an illnstratioii, the cxicuiKion of cwl- 
irou and of steel for cerUiin increases of tcmjwratnre; and I hiivt 
reminded you of the excess of e.xpansion of mercury over tlie.-c, fi'f 
an equal increase of tempcratui-e, an<l have told yim ili^it tin 
expansion of gases is greater even than that of mercurj , liiil I A- 
not mean you to understand from this that equal incremojt^ (if lii-'ui, 



added to iUffercnt bodies, will cause even approximately equal incre- 
moiits of temi'crMture, for, in order that this shoiild be so, the 
s]iociiii; heat of all bodies would have to be the same. This yon 
know it is not. You know — or at least many of you do — that 
equal increments of heat with different bodies will only cause varying 
increments of t«m|>eratnre. 

This quality of the variations in the quantity of heat necessary, 
in ouler to cause in different bodies an etitial variation of temperature, 
ia the quality known as " S|)ecific Heat," the sjwcific heat of the bo<ly. 

Water is tiiki^n as the standard for com]3arisons of specific heat, 
and this is dune because water, of all bodies which we know, is 
the one which presents the greatest resistance to a change in its 
temperature, or, in other woi-ds, is the one which re<|uires the 
gi'eatest amount of heat put into it, or taken from it, in onler to 
vary its tcinjierature throngli any given range. The specific heat of 
water is, therefore, termed "one," or unity, and it of course follows 
from what I h^ne just eaid that the specific heat of all other l)odics, 
whether solid, liqv.id, or gaseous, must he expressed in fractions, or 
in some terms less than unity. The si»6eiiic heat of water, however, 
is not constant at all temperatures, becoming slightly increased at 
boiling jKiint, or 313 degrees Fahrenheit. We may, however, ignore 
this variation, as it is so alight as not to affect any calculations or 
arguments with which we shall have to deal. 

The definition of siwcific heat is, as you will realise from what I 
have said, the ratij of the quantity of heat necessary to raise, or to 
lower, a given wtight of any body through a giien vai-iation of 
temperature— say one degree— to the quantity of heat required to 
raise, or lower, an equal weight of water thi-ough the same variation 
of temjjerature. 

Let us now recapitulate that which we have leanit. 

First, we know the measure nsed generally to define a gii'en 
quantity of heat, '.hat is to say, we know what a " unit of heat " is. 
I have cautioned you also, and have shown you the reasons for that 
caution, as to the difference between "heat" and "temperature," 
Further, we hava learnt what is meant by "specific heat." 

Lot me now t«II you what is meant by "Latent Heat" — the 
"latent heat" of liquefaction, and the "latent heat" of vaporisation; 
anfl in respect of this quality of bodies, let us consider only the 
boily with which wo have to deal, namely, petroleum, in its various 
forms. We must, however, first generalise, in order that you may 
fully understand vhat is meant by the teim " latent heat." 
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All bodies, whutcver they may be, exist in three different fonoi, 
or rather, it is [jossihle that they will exist in these three forma— 
the solid, the liquid, and the gaseous — and their condition at any 
time, thiit is to say whetlier they are solid, liquid, or gaseous, 
dc[ienil8 entirely upon the pressure and temperature at which they 
arc existing at that time. For instance, atmospheric air is a gas at 
ordinary temiieraturcs, and at oi'dinary pressures, but if atmospheric 
air is subjected to a very low tero|>erature, and a very high pressure, 
it is possible to liquefy it, and it is almost certain — if we could 
increase the pressure, and lower the temperature sufficiently— it 
would he possible to solidify this liquid. Let us, however, take the 
most familiar instiince; let us take water. At onlinary temperatures 
and pressures, water is, as you know, litiuid. At lower tcmjwrature! 
it is solid, that is to sai', it is ice ; and at higher tern jurat ni'es it it 
gaseous, that is to say, it is steam. Now, all bodies in changinj! 
from the one state of licing to the other, either absorb a (;ertaiii 
amount of heat, which does not become sensible, that is to say, is 
not realisable as an increase of temperature, or, in jiassiug from the 
higbcr to the lower state— say from the gaseous to tlie liquid, or 
from the liquid to the solid — give off a certain amount of heat, ami 
they do this without their temperature varying. Ice, in changing 
from the solid, ice, at 32 ilegrees Fahrenheit to the liquid, water, at 
only the same temperature of 33 degrees, will absorb for each ponnd 
weight 146 units of heat ; that is to say, will absorb sufficient h««t 
to raise its temperature, supposing it already existed as water, from 
the 33 degrees, by a ftirther ! 46 degrees, or sufficient heat to make it 
178 degrees; and if you go on further, and turn that pound of 
water into steam, it will absorb, in passing from water to steam- 
even although the water may be at the Iwiling point of 212 degrees, 
and the steam may be no hotter — as much as 966 units of heat for 
each [Minnd weight of water. 

These absorjitions of heat when the state of the body is changed 
from the solid to the liquid, or from the liquid to the gaseous, are 
termed the "Latent Heat of the Boily," the "Latent Heat of 
Liquefaction," and the " Latent Heat of Vaporisation," and tho 
various forms of petroleum vary not only in respect of their specific 
heats, that is to say, in Uie amount of heat which they will absorb 
or give off, in order that their temperature may vary through a 
given range, but they vary very largely in the temperature at 
which the vaporisation of the liquid petroleum takes place ; that is 
to say, in that which is technically known as their flashing point 
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Ma.ny of you will doubtless think that I have, to a large extent, 
laboured in endeavouring to put before you in sequence, although I 
hope very briefly, the various proporties of bodies generally as 
regards heat, and the various pioportios of heat itself ; but I hope 
Iwfore I have done you will agree it is necessary you shoiild have 
fully hofore your minds all the vaiious points which I have 
em|)ha3ised, and that you will thereby realise the more readily the 
many ways in which energy is produced from the heat contained in 
petroleum. 

You will also find that although, apparently, the modes by which 
energy is produced from petroleum are vai'ious, yet they are all 
hiised tiiKin the same projierties or qualities to which I have referre<l, 
possessed by petroleum in common with other bodies, and I must 
ask you kindly to remember these. I will endeavour to refer to 
each of them when, in succession, I describe the various practical 
mo*le3 which are adopted. 

Let us now return for a little while to the property of expansion 
by the addition of heat, which we dealt with to some extent when 
consi<lering the big gun. This ]>ropcrty of exitansiori is common to 
all gases, and let me ask you to consider Fig. 3, which shows ymi a 
section through the power cylinder of an ordinary steam, or ga-s, or 
|)ctroleum engine. 

You see you have here in this cylinder a disc or piston capable of 
movement from end to end of the cylinder, and steam or vajtour- 
tight at its outer circumference between itself and tlie wails of the 
cylinder. From the piston you have a rod passing steam-tight 
through a stuffing-box in one of the cylinder covers ; and, further, 
you have, by means of valves (which I have purposely left out of 
the iliagrani in order not to complicate the description), the means 
of admitting steam or any other vajwur, under pressure, to either 
side of the piston, between it and the cylinder cover at that end. 
You will see that if we let in the steam alternately at one end, and 
then at the other of the cj'linder, and alternately exhaust t)ie steam 
from the cylinder by allowing it to escape, we shall Ciiuse the piston 
to travel backwards and forwards. 

Now let us consider what are the economical advantages to be 
deiived from utilising the property of expansion in gases. Siipposo 
that we let in to one end of the cylinder steam having a pressiire 
of, say, lOOIbs. on the square inch. It is evident that the piston 
will be moved towards the front end of the cylinder by an effort 
represented by the area of the piston in square inches, multiplied by 



lOOlbs. for each square inch. If we then exhaust that sttam, 
admitting steam at the samo pressuro to the other side of the piston, 
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the piston would be ilrivoii biickwnrds with an equal cJTort— less that 
ilue to the smatl area of the piston i-od ; but it is evident that we 
should have used for each backward and forward stroke of the piston 
a cylinder full of steam at the inaximuin pressure with which we are 
dealing, i.f., lOOIbs. on the squai-c inch. But supposing now we take 
the same cylinder and piston, and only let in steam for one-half of the 
stroke of the piston, and for the remainder of the Rtroke we allow the 
steam which is already in the cylinder — that is to say, the one-half 
cylinder full of steam at lOOlhs. pressure— to exjwnd, then the 
pressure would gradually fall along the curved line which I show 
on Fiij. 2, and we should obtain from this haif-cylincler full of 
steam not only the work which it does in driving the piston for the 
firet half of its stroke, but the work represented by the area of this 
|>art of the diagram contained between the l>aso line at the bottom 
and the curved line at the top : and if you make the necessary cal- 
cidations, you will find that if the work done when the steam in let 
in for the whole length of the stroke is represented by 100, the 
steam also being represented in each case by 100, then the amount 
of work done during the whole stroke of the piston, when we cut off 
at half-stroke, would bo represented by 169'^. Lot us carry this a 
little fiuther, and sup|H)so that wo cut off the steam at one tpiaiter of 
the stroke, and that the remaining three-quarters of the stroke have 
Iteeri done by the cx|>ansion of the steam ; then you would find that 
if the steam let in was again represented by 100, the amount of 
work done during the whole stroke would be represented by 2;)R4, 
Vou will see that the right-hand end of this last diagram is much 
lower than the end of the preceding diagmm ; that is to say, the 
pressure has fallen in this case to a lower jwint, moi-e of the heat 
iviiig been transposed into w( 



contained in the steam hav 
the piston. 

I should like to s])eud 
expansion, but the clock w 
you that James Watt was 
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le little time upon this ipiestion of 
. me that I must not. I will only tell 
of the earliest to realise the value of 
this property of expansion of gas. In the year 17J<2, he took out a 
patent for " Certain Imj)rovementfi for Steam or Fira Kngines, for 
raising water and other mechanical puri>oses." In this you will find 
the very earliest diagram of energy with which I am acquainted, 
showing also the economy that may l)e derived fi*om the use of 
ex{>ansion. You will remember that in the big gun diagrjiin the 
curved line of work done fell towards the base line as the shot 
moved forwanis, showing, therefore, that work wius to a large 
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extent |>erfonned by the exjiansion of gases generated by the rapid 
combustion— practically ex plosion -^of the solid body, the gun- 
powder. This body cuntiiining as it does within itself the necessarj- 
ingi'edients for producing upon combustion a large volume of gas at 
a very high teni[>eraturc, in the big gun (as we shall find is the 
case in the petroleum engine), the whole of the work is practically 
iwrformed by the expansion of a very hot gaa. 

But yoTi will say to me : " It is all very well to show us these 
diagrams, theoretical as they are, and to tell us that these are the 
pressures which exist at the varying points of the forward or back- 
ward movement in a cylinder of such size as this." Yoii will B»r 
that these are only theoretically constructed diagrams, ami yon will 
say : " How can we tell that theory is correct, or that the theoretical 
results are at all approached, even in practice 1 " , Well, it is again 
due to the genius of James Watt that the engineer has had the 
means of ascertaining what was transpiring in the cylinder of anv 
engine with which he has to deal, and of iiscertaining precisely the 
pressure of the gas existing at any and every point of the stroke of 
the piston. 

I have here {Fig. 3) (kindly lent to me for the purposes of these 
lectures by Mr. H. Wolhiston Blake, of tho firm of Messrs. James Watt 
and Co., the siiccessors to Messrs. Boulton and Watt, of the Soho 
\A'orks, Birmingham) the original steam engine indicator made and 
used by James Watt, according to the date u|>on it, some 105 or lOfi 
years ago, an instrument which constnicCs for us, as tho engine is 
working, a diagram of that which is taking place in the power 
cylinder. If I explain this apparatus to you, yon will realise ihe 
principle upon which all steam engine indicators work, even the 
most recent of them. 

Let u* first look again at our elementary diagram of a power 
cylinder of an engine (Fi<j. 2). You will, all of you, realise that if a 
pipe were connected to the space between one side of the piston and 
the cylinder cover, and if that pipe made connection with a smaller 
cylinder having a piston in it capable of movement, this pisWii 
would be subjected, diiring the whole length of the stroke of the 
main piston— both away from and back towards the cylimler 
cover — t* the same pressure, whatever that might be, as existed in the 
main cylinder. Now, if this small piston is normally kept at one 
[msition in its cj'lindei' by a spring, and if the pressui'e in the main 
cylinder tends to move the small piston against the pressm* of the 
spring, the strength of which is accurately known, then the position 
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assiimod nt aity moment by the small piston in its cylinder will shoir 
us exactly what is tbe pressure at that moment existing in the main 
cyliniJer. Further, if we attach to this small [)istoii u rod working 
through a steam-tight stiiffjn); hox, and having on its oiii«r end a 
pencil marking iii>on a piece of {ta^ier, and if we cause thi« 
l)i»|jer to move hackwanis and forwards in contact with the ])eneil, 
and in accord with the movement of the main piston of the engine, 
we shall have ])rodiiced upon the |>a[>er a diagram, the length of 
which will )>e in exact proportion to the stroke of the main pisUin, 
and the height of which will show exactly the pressure existing at 
any [lart of the stroke of that piston; or, in other woids, the 
diagmm will tell lis what the pressure is which exists at any moment 
in that end of the main [xiwer cylinder of the engine, to which the 
indicator is connectcl. 

This is exactlj' what you have in the Watt indicator. Here is tbe 
cylinder ; here is the means of connecting it to the main cylinder of 
the engine ; here is the [wncil. The |>a|)er is fixed ii|>on this moving 
frame, which is moved l>ackwards and forwards in the one direction 
by the motion of the engine, and in the other hy the falling of i 
counterbalance weight which hajt been lifted by the movement of 
the plate in the op|Xisite direction. 

A " Richards' " indicator is shown in Fig. 4. This is the indicator 
most commonly in use by engineers at the present day. The prin- 
ciple upon which it works is exactly the principle of the " Watt " 
indicator, and its only improvements consist in the alt«i-ations which 
reduce the weight of the moving piston, reduce the stroke of this 
piston, and thereby reduce the error arising from momentum of ihis 
piston. In fact, the alterations are merely those rendered neceseai^' 
or flesirable by the increased speed of i-evobition of the engines of 
the present day. 

A "Crosby " imlicator is a more recent form, and one which 1 
very much prefer myself. This is a refinement upon the "Richards" 
indicator, and one which is still better ada])ted for high speeds, and 
is lighter and handier in every way. 

It would be iwi-hajis as well— although I would have preferreil 
to leave it till to-morrow^to show you the oi)eration of taking a 
diagram from the oil-worked engine of Messrs. I'riestman, which we 
have here. (A diagram was then taken). 

Wc will have this diagram enlarged for us in our lecture to- 
morrow. 

Now, you will want to know, when we have got this diagram, hotr 
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we arc able to say how many horse-power our engine is developing, 
and you will also want to know what is meant by " horse-power." 

The term " horse-i>ower " was originally devised by James fl'utt 
in order that his customers shoiild understand, or should get some 
idea of, the amumit of [jower which any engine he was selling should 
be capable of developing, and as in his time engines were mainly 
used directly to sui^rsede horses, it was a measure of power which 
was readily adopted. Ho tried a good many experiments in order 
to determine what was the value of the continnoiis wor-k of a home, 
and he found that the average was equal to a weight of 2-2,0001bs. 
lifted one foot high, in one mimitc of time, and he therefore, in 




Fig. ■!. — lUclutnW fmlicahtr. 



order to \k on the safe side, an 1 so that his customei's should not 
grumble, and say when they got an engine from him that it would 
not do the work of the number of horses which he had told them, 
added .lO per cent, to this amount, and called his " horso-power" 
33,0001bs. lifted one foot high, in one minute of time, and that is 
what an engineer slmiid mean when he speaks of a " liorwc-powei-."' 
I am sorry to say. however, that it is only within very recent days 
that this definition of a horse-power ia becoming the absolutely 
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universally' used definition of a horse-power. I am sori'y to say 
the engineer has had five different kinds of horse-jwwer, and unless 
you pin him down to "indicated horse- jiower," that is to say, work 
in the cylinder c<|ual to the above, he will manage to confuse you, 
and very probably himself. 

There is one more theoretical question with which I must trouble 
you before I begin to describe the modes which are practically in use 
for obtaining energy from petroleum. 

Let us again come to our big gun diagram (Fi(/. I). 

Here, you will remember, we proved that a portion of the heat 
lieveloiKsd by explosion was turned, or converted, into work in 
moving the shot, anil we proved it by showing that if the motion of 
the shot were suddenly arrested, the heat would bo re-produced. 
Now, it this is so, it follows that if wo knew the weight of the shot, 
the apecific heat of its metiii, and the rise in its temi>eniture due ti> 
its sudden arrestation, wc ought to be able to measure the numl>er 
of units of heat which in it had been converted into work ; that is to 
say, wc ought to be able to say so many units of heat mean so much 
work ; or, we ought to be able to state what is the " mechanical 
equivalent of heat." 

If Count Rumford, in hia experiments, had realised this, he 
should have been able to record what was the value in mechanical 
work of any given quantity of heat. He diil not know, however, 
of that which is known as the dynamical theory of heat. It was 
not until the year 1849, when Dr. Joule, as the result of exi>eri- 
monts which liad extended over the seven previous years, was aide 
to stat« before the Koyal Society that which lias since been Tiuivenially 
accepted as the mechanical etpiivalent of heat, perhujM now-a-duye 
more commonly known as Joule's equivalent. 

It has always seemed to me that there is no instance of which 1 
know where the description of apparatus used in discovering a 
Bcieutific truth has tended to render the explanation of this trutb 
more easy than it has in the case of Joule's equivalent. I thei'eforc 
propose to trouble you with a diagram of this apparatus. 

Fig. 5 shows the very simple ajiparatus with which Dr. Joule 
exjierimented, which he used for many yoai's, and by which he 
demonstrated with absolute certainty that the amount of hoat neces- 
sary to raise lib. of water from 39 to -tO degrees Fahrenheit — that 
is to say an lingliah unit of heat — would \k sufficient to raise a 
weight of TT'2lbs. one foot high in one minute of time : and he did 
it by showing that if this weight were allowed in this time to fall 
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thu one foot, when the friction of the appiLrDtiis v/aa eliminated there 
would be 11 aiifficient amoiint of heat generated to mise the lib. of 
water through 1 degree Fahrenheit. 

Let us look at the diagram. Here you have aclo6e-to|>ped vessel, 
in which water is conbtined, having in it fixed vanes, and also a 
revoh'ing patldle, the object being that when the pad<lle is revolved 
the water shall be churned up, as it were — that is to say, subjected 
to the fnction pi-oduced by the revolving of the paddle between the 
obstructing vanes. From the paddle a vertical shaft goes u|)wai-ds, 
and at the top of thia there is a reel, around which a fine twine or 
cord is wound. The other end of this twine is carried round a 
pidley, and mron the shaft carrying the pulley another cord is 
wound, and to thix cord a weight is attached. The result Is that if 
the weight is allowed to fail it revolves the pulley, the cord is un- 
wound from the reel at the top of the vertical shaft, the paddio is 
revolved in the water, which is churned up in the manner I have 
said. 




Fig, .5. — Jmih's Efjienim'HUd .tiipaiativi. 



Dr. Joule's communication to the Uoyal tiociety wound up with 
the following conclusions: — 

1. The quantity of heat produced bj' the friction of boilies, 
whether solid or liquid, is always proportional to the force ex[)euded. 

i. The quantity of heat ca]>able of increasing the temperature of 
lib. of water weighed in vacuo, and taken at between 55 and (iO 
degrees Faliteabeit, by 1 degree Fahrenheit, rei^uireB for its evolu- 



I- 



200 

tioii the exitenditiire of a mechanical force represented by the full of 
Ti^lbs. through the s|»M;e of 1 foot. 

It follows from what I have told yoii, therefore, that if 3^,000 foot- 
poundt) exerted in a minute of time are equivalent to one hoi^e-power, 
and if 772 foot-|H>unds, are equivalent to one British unit of heat, 
then 423 British heat units expended per minute, or 2,565 heat 
units expended ])er houi', is the equivalent of an indicated horse- 
power. 

Let us now see, therefore, whetlier it is [wssilile for us to realiw 
from that which we have leanit the vaiions modes by which energy 
should theoretically be obtainetl from a matei'ial such as petroleum. 

You all of you know that at ordinary temperatures, and at 
oi'diiiary pressures, ]>etroleum is a liquid, and you also know that 
when heated by external heat, or by its own combustion, it will be 
gastticd, and can be consumed as a gas. Vou also know, fi-om what 
I have said, tliat if a gas has its volume kept constant, while the 
heat it contains is increased say from external sources, this external 
heat will cause the gas to desire to expand, or, in other words, will 
increase its prcssiire. You will observe, I said from some external 
sour'ce ; but ordinary day-to-day experience tells you that [letroleiun 
is one of those materials like guniwwdcr, which has within it the 
constituents enabling it to be used as fuel. Take an on.linary 
petroleum domcii^tic lamp. In the resenoir you have the liquid oil, 
you have the wick U]) which that oil is drawn by capilliary attrac- 
tion, you have the oil gasefied by the heat of the flame, anil you 
have the oil burning with an infltiitcsimal consumption of the cikrliun 
tff the wick, burning with a luminous flame, and In its burning pro- 
ducing gi'eat heat, which is communicated to the sun'oiinding 
atmosphere. 

A little consideration of all the facts to which I have culled your 
atlontiun, will show j'ou that it follows petroleum may be used to 
produce energy in at least three diflerent wiiys:^ 

1. It may be used as a fuel in an ordinarj' steam boiler, its heat 
being imiiaitcd to the water in the boiler, and thus converting it 
into steam under pressure. 

2. The petroleum itself may be used to replace the steam, that i« 
to say, it may be gasified, as water is gasitied when it is turned into 
-steam, the iietmlcum taking the place of water in the boiler, and the 
petroleum vapour taking the place of the steam in the Iwiler and in 
the steam engine. 

3. The peti'oleum may be g-asitied, and the gas thus pi'odiiced may 
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be burnt in the cylinder of the motor itself, thus heating the atmos- 
pheric air, anJ producing power by the expansion of the air thus 
heated, as gas dues in a gas engine. 

We have, up to the present, talked generally of petroleum con- 
taining the constituents necessary to produce heat, but I have not 
given you the calorific value of putiolcum ; that it is to say, I have 
not stated to you, except incidentally, the number of heat units 
existing in a given weight of petroleum ; but you will have realised 
that there are various sorts of jjetroleum, and that, theiefore, these 
must have various calorific, values. 

If time bad permitted, I should have much liked to go into the 
various relative values of the various aoita of petroleum, but for 
these I must refer you to the course of lectures gj*'en here by Mr. 
Marvin last year, and to the literature of petroleum generally. 

I always find it is an advantage to have in my mind some well- 
known standard on which to base the compaiisons which it is almost 
invariably necessary, as well as possible, to make when one is dealing 
with values. I always remember that good Welsh coal — say Nixou'a 
Xavigation, or Cowell Dufferin — when burnt to destruction, has for 
each lib, weight a calorific value of, roughly, 14,500 heat units ; and 
I always remember that, ordinarily speaking, petroleum is 50 per 
cent, better ; that is to say, 1 llj. of ])etroleum contains, roughly, 22,500 
heat units. 

As jou will i-emeinber, I traubled you with some words as to the 
latent heat of li<|uef action, and the latent heat of vaporisation, I do 
not think it is well to trouble you with the exact figures in res[>cct 
of these changes of state in petroleum, I onlj' want you to remember 
that at ordinary atmospheiic pressure an(t temperatures [letroleum is 
a liquid (and there it lias further atlvantage, in addition to its extra 
calorific value, over coal, for coal at these tem[)eratures and pressures 
is solid), and I also want you to remember that the temperature of 
valorisation or gasefication of petroleum varies between say 7'2 
degrees Fahrenheit and 220 to 230 degrees Fahrenheit, but that, 
generally speaking, it is very low as com[»ared with water. 

I should like just to remind you, however, that the latent heat of 
liquefaction and gasefication of coal is obtained when coal is turned 
into gas — onlinary lighting ga.«, such as can 1>e used in a gas engine 
— from the coke burned in the gas retorts ; and that when a gas 
engine is compared, as regards economical working, with a steam 
engine, the heat inii)arted to the coal to gasefy it by this coke should 
be taken into consideration. 
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I di) not proiiose to trouble you ut ail alKiiit the " Carnot " theory 
of the etfictency of any heat engine, which demonstnites the utmost 
|K>ssible work to be obtained from any given amount of heat^-a 
theory which, just at present, is very largely discusseil, mainly, I am 
sorry to say, hecanso that which Carnot said and conteiuled is mis- 
understood — and I will not trouble yon with this because, although 
to some extent it is germane to our subject, yet I should then have 
to enter into questions of absolute zero of tem{>erature, ami into 
many other intricate heat questions, but ! will hope that which I 
have told you — which I have purposely told you in the roiifthesi, 
though I hope the simplest, way— will enable you to a<lvantagco«sly 
grasp the practical modes adopted for the production of energy from 
l^troleum, the reasons of success of these modes, the jKissibilities 
there are of greater success, and the limitations on these possibilities 
which are inherent to the petroleum itself. 

For all these heat questions, I woidd refer you to Dr. Anderson's 
lectures, ho being our great living authority on heat questions ; t« 
the books by Professors Goodeve, Tyndall, and Rankine ; and for 
the fringe of the subject, to the lectures which I myself delivered at 
the Society of Arts last year. 

As I have now cleared the ground, I will hope that to-morrow 
night I shall be able to tell you many things which will be of greater 
interest to you, because they will describe to you the results which 
have, up to the present, l>een practically obtained. 
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If j'ou will remember, at the close of my lecture last evening, 1 
pointed out to you that as the r'esult of the cousiderjition we hail 
given to our subject we had found that it was |Xissible to use 
petroleum to produce energy in either one of thi-ee ways. 

The first of these ways was to use it as liquid fuel, ami by this 
means to generate steam in the Ixiiler of an ordinary steam engine, 
using the steam thus obtained to drive the steam erifrinc. 

I may say, at once, that ihe largest use of petroleum tor energj' 
prwluction is (at present) by such means. 

\Vhen the crude i)etroleum is oljtained, eitherby its spontaneously 
flowing from the holes Iwred in the earth to tap the potrolciun- 



Iiearing strata, or by its Iwiug pumped from such atrntii, that which is 
|ii-oiIuced is not the peti-olenm that we know as the petroleum of 
commerce, noi' is it pctioleiiin in the form of the tltickish petroleum 
lubricating oils, and it is ccrtuinlj' not [jttmleiim in the form of the 
volatile spirit used in the ordinary domestic lump i but it is a thick 
troacle-like visciious tlui<l, having a high flashing point, that is to say 
va{>orisiiig only at a high temperature, even as compared with water, 
anil this Hashing point is rapidly raised if the oil I'emains ex]io6cd 
to the atmosphere, that is to say, as the more volatile portion of it 
evaporates. It is this thick Hiiid which, when subjected to the 
process of refining, gives us the various petroleum products, from the 
water-white oil, used in the domestic lamp, to the jelly-like odourless 
" vaseline,'' and it is the refuse of all the refining which is com- 
monly used (and is, in many respects, the most suiUible to be used) 
for liquid fuel — this treacle or tur-liko maU-rial being burned in 
specially constiiicteil furnaces to proiluec steam in an onlinary steam 
engine. 

Directly you consider the burning of tliis material in quantity, 
the mind naturally concludes that the jiroper way to do it would be 
to turn the tluid into minute particles, in fact tu spray it, that it 
may )te intimately mixed with the atmospheric air necessary for 
combustion ; may be so intimately mixed that each paiticle of fluid 
will be itself infinitesimal, and will Iw suri-onmled by the necessary 
film or portion of air. If yon can imagine this treacly Huid pulverised, 
as it were, you can realise that which is done, and that which is 
found to be the most succcWul way of burning [ etroleum refuse. 
Heniembcr this jietroEeura refiLse has ha I m the coui •>& of the relin- 
in„ o|)eritioni dl the lighter and i gieat nian\ of the heavier 
portions of the oil separated fiom it, and thit theiefoie, the 
tem{)ei ttuie it which this lofu'ie will fire that is to say its tlashing 
|K)mt— IS, as I have siid, high, so that m tins respect its use and 
storage for fuel purposes is not, as it would at first sight appear to 
l«j, attended with danger. I want you, please, to bear this jraint 
thoroughly in mind when I explain to you the mo'le of biyiiing 
[Kitrolcum refuse as liquid fuel. 

As this material is the refuse (nxiduct of the refineries situated, as 
these are, near the wells where the petroleum is pivxluced, it follows 
that the use of this liquid fuel hiis m;uie the gi'eatest progress in 
those tlistricts where the petroleum wells are to be found. 

Knglish inventors, it is true, have consiilered and have experi- 
mented with various kinds of apparatus for successfully burning this 
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fuel. The names of Aydon und of Inglifl are inseparably counecteil 
with these inventions, but in Russia we find that petroleum has been 
used, as the only fuel, in many of the largest steamers trading on tbe 
Ousjtian ; tliat all the Kussian Black Sea fleet have their boilers to 
arranged as to be able to use this fuel, and that the majority of the 
Russian locomotives burn it, and nothing else ; and with this 
Russian locomotive work, the name of an Englishman, resident, how- 
ever, in Russia — Mr. Urtjuhart — is connected. 

The whole of the vaiions modes emjilojcd or snggested de])cnd 
for their success upon the principle of pulverisation to which I have 
referred. I think if I describe one or two of the modes which art 
adopted, it will enable you to understand the general principle 
underlying the whole of them. 

In England good work has been done by Mr. Holden, tbe 
locomotive engineer of the Great Eastern K;iilway, and, due to his 
kindness, I have here, on the table, one of the injectors which he uw> 
for injecting the fuel into the tire-box, and for there pulverising it, 
and mixing it with the necessary quajitity of air (see ^'13. 6) ; and you 
have upon the wall an enlai^ed diagram of this apparatus, and b 
section through a locomotive fire-box, and through the oil tanks in 
which the fuel is carried on the locomotive itself or on the tender. 

Of course, it is unnecessary for me to emphasise to you thereasoo 
why so little has been done in England in this direction. You, of 
course, appreciate that it is because of the price of this petroleiun 
refuse in England, and because it is found that directly the demand 
for it increases, this price also increases, so that the cost of the liquid 
fuel wilt not favourably com[>ai-e with tlrnt of coal. 

If you will look at fiff. 6, you will see that there is a series 
of cones or pipes, one inside the other, and that into the outer one 
of these, free steam from the lioilcr is allowed to i>as3 ; that ibis 
steam rushing to the nozzle outlet of the injector, induces a stivng 
current of air through it, atid induces, or " sucks " (if I may use the 
word) with it an annular stream of liquid fuel, supplied to the 
injector by this branch and connecting pipe to the oil tanks to which 
1 am now jtointing. The steam, in rajiid motion, coming in contiict 
with the oil, pulverises or sprays it, and the mixed steam and m1 
spray is dischai'gcd iiito the fire-box of the locomotive through the 
o|)enings at the mouth of the nozzle. The steam is supplied direct 
from the boiler through the pijje shown, and the oil comes from the 
oil tanks in the tender, and thi-ough this pipe. You will sec that 
there is a ring jet surrounding the injector towards its front end, and 
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through this ring jet, when the injector is at work, a lai^e volume 
of air |)3S8es into the fire-box with the mixed jet of steam ami oil. 
There is a steam pipe tor warming up the oil in the tank in very 
ciil'l weather, so aa to make it Rufficiently finid to readily work, and 
pi'ovisior) is mailc for Ijlowing Rteam through all the oil pipc.s to 
prevent their becoming clogged. 




Ml'. Holden has worked out the apparatus, which I here show yon, 
1 a very practical way. 



-206 

He felt that the jHWBibiliticB of ohuininjr this [wtroleum refuse in 
£ii-;liin<l were at present so Rmnll, and the supply wn.s so limitei) 
uiidui- present eonditioris, that it woiild not do to make his loco- 
motives so that they were capable of biii-niii!; |>etroleuiii alone : and, 
therefore, the only alterations which he maile were in the way of 
addition. He takes an ordinary locomotive with its onliiiaiy iire- 
Ik)x and brick areh, and keeping on the fire bars a very thin fire^ 
only sufficient to raise steam in the first instance— and only keeping' 
th:it fire very thin during the whole course of a run, and having in 
his fire-box a good body of fire-brick, or other refractory material, 
to act as a resei-voir of the heat ])roduee<l, lie ases the oil fuel a* 
an a<ljunct to the coal, and finds hy this mode of using it a very 
great economy ami saving in his yearly coal bill. 




Fig. 



—UMru's Liquid Fw.l Iinroimlin- 



This is a description of the way in which oil fuel is usc<i in 
locomotives, or, with slight nio<lification3 in the boilers of land or 
stationary engines ; but among the many applications which seem 
to me to bid fair to be -even in England — extremely successful, 
is that foi' its use in small steamers oi' lainiches, such as tor[>edo 
boats. 

Let me describe to you the way in which it has been used by 
Messrs. Doxford & iions, of Siindcrhuid, anil let me also enumerate 
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to you the advantages which they cUiim arc derived from the use of 
liquid fuel, pr»r se, and also fnini their iMHticuliir mode of using it for 
torpedo hoat jmrfioses. 

They have fitted it to a torpedo boat, jirovided with an ordinarj' 
locomotive boiler, which has. however, instead of the ordinary 
tire-bars and ash-pan, a " wet bottom " or water space. It is, of 
course, possible to have this, as there is no ash to be removed and 
no need for the injection of air ill oi-der to consume the fuel. 
In the stokehole there is an air-compressing pump for the li<[ui<l 
fuel. This fuel is carried in tanks which are built into the Iwttom 
of the boat, between its double skin, and it is possible to till these 
tanks either with oil or with sea water at will, maintaining the 
weight constant, or in other words allowing the space occupied by 
the fuel which is consumed in propelling the vessel to be utilised for 
water-ballast. 

You see one of the advantages of the use of the liquid fuel for 
torpedo boats is that it can be earned in a place where its weight, or 
the weight of the water which replaces it, is an assistance to the 
stability of the boat, rather than a lessening of that stability as 
when coal (which has to be consumed) is carried in bunkei's ut the 
side of the boat. Further, the oil is stored in a place which is 
ordinarily incapable of being used for stowage purposes at all, or, 
if at all, then to a very slight extent. 

The fuel pump in the stokehold of which I have spoken is also 
arranged to draw in a new stoi-e of fuel (when necessary) from a 
wharf, or from a boat alongside. When under steam, this pump 
draws the |>etroleum from either one of the man\' tanks iu the 
boat's bottom, and delivers it into a smalt I'cservoii- placed up under 
the cleck, above the level of the boiler furnace, from which ])i|)C8 
connect into the boiler furnace. The air-compressing pnmp also 
delivers into thissamereservoirairat a pressure of about 30 to 4lll))s. 
•ju the sipiare inch, and on opening cocks placed in the pipes to 
the burners, in the fire-box, the mingled air and oil rush out, and 
are lit here. Each jet gives a clear, bright, Hame of aliout G feet 
6 inches long anil nine inches diameter, if burning alone. There 
are some ten of these hurnei's, and, of course, when they ai-e all 
alight, the consTim])tion of oil and air is eriualiscil over the whole of 
them, and the flame resulting becomes a vast body the whole width 
of the hre-box, and completely filling it. 

I'he consumption of oil can be made to vary for each burner from 
about srtlbs. to 701bs. jier hour, and, of course, e;ich Imrner, or the 




whole, or any number of them, can he shut off, thus giving » most 
[lerfect i-egulutioii of the (juantity of fuel consrimcil. 

Tlie sidvautiiges chiimeil for this mo<1e of using liquid fuel for 
torpedo boat purjHJses are, first, that a n»nil>er of stokers are not 
reqiiired, one man heins sufficient to do the whole of the work; all 
that he has to do is simply to turn on, or turn off, as the case may 
1)e, the oil and air as the steam pressure rises or falls in the hoiler : 
second, that the oil can lie canied in a space which is ordinarily 
unused for stowage purjioses, and that, therefore, the available mom 
in the lx>at is very much increased ; third, that owing to the greater 
caloi-ific valnc of the oils sis coiiii>areti with coals, for a given bulk or 
given weight, a greater (juantity of effective fuel can be carried; tbal 
is to say, that the ))nat is capable of steaming for a very nmch 
greater distance before it is necessary for her to return to port to 
replenish her store. 

It is claimed that the boat in which this a])puratus is fixe<l couM 
steam for a distiince of 1,S00 miles, at a rate of 10 knots ati how, 
before her stoi-e of fuel would be exhausted : that, as I have said, the 
weight of the oil where it is carried adds to the stability of the Wt 
instead of lessening it, as does coal when carried in bunkers at the 
siilc in the ordinary way : that with j>roi>or care there is no sool 
formed ; that there arc nevei' any ashes, and that, therefore, thew 
have not U> be got rid of ; nor do the Iwiler tul)es re(|iiire 8wee]'iiig- 

All these advantages are obtained, but, as you will uiidentanil 
from what I have already told you, at a nnich increased cost of 
running, owing to the cost of the fnel in England. 

You will see from what I have told you that, in addition to tbe 
ditlicnky of unccrtiiin supply of the oil refuse, which it is alone 
economical thus to use as litiuid fuel, there are the |»ractical 
ditficnities due to want of steam to drive the oil into the boiler at 
starting when the water in that boiler was cold. This is met by 
using a small coal or wood fire at lighting up, and further, there is 
the difficulty that the heat produceil is very intense, and is al its 
maximtmi the moment the burners are lit up, and ceases directly 
they are turned out. It is, therefore, necessary to line the fire-box 
nearly completely with fire-brick, or some other i-efractorj- material, 
in which the heat can be stored, and by which its intensity and last- 
ing jiower, if I may so put it, may be regulated. 

The second way in which we agreed peti'oleum could theoi*etieallv 

lie used for the production of energy was to take that product of 

■ petroleum, which is, if I may so put it, at the other end of the Bcsle 



209 

from the petroleum refuse, with which we have jiist dealt ; that is to 
say, to tiike the freely volatile portion of it, to put that in a closed 
system consisting of a boiler, an engine, and a condenser ; vaponBO 
it in the boiler ; use the vapour in the engine aa steam is used in a 
steam engine ; condense the vapour in a condenser after it has done 
its work in the engine, and return it to the boiler in a fluid state, to 
1>c there again heated, and vaporised, and re-used. 

This mode of using petroleum spirit for the production of energy 
is one of the most interesting one can imagine, and is now being 
exploited — to use an American expression — by Messrs. Harrow 
and Co., the torpedo-boat builders, of Poplar. You will have 
gathered from what I have already told you as to petroleum, that 
some of the products obtained from it vaporise at a very low 
temperature ; indeed, the extremely volatile petroleum spirit which 
Mr. Yarrow uses has a temjjerature of only some 100 degrees 
Fahrenheit when its vaiKJur pressure is at aboiit 601bs. on the 
square inch. 

Now, to describe the apparatus he uses ; if you will imagine an 
ordinary sr«am engine, wherein the water and steam in the boiler, 
and the steam in the steam engine, are absent, bnt are replaced by 
a very volatile petroleum spirit in the boiler, and by the vafwur 
of this spirit in the engine, you can realise that which is done 
by Messrs, Yarrow. They take an ordinary steam engine, w;th 
very slight modifications, and an ordinary steam boiler. In the 
boiler they put this petroleum spirit, vaporising, as I have said, at a 
very low tempeniture ; a fire is lit under the boiler, or I'ather some 
of the jMiti-oleum spirit itaelf is burnt under the boiler ; petroleum 
vapour is generated under pressure ; this vapour is taken to the 
steam engine, and is there used in a way absolutely similar to that 
in which steam is used in an ordinary steam engine. When the 
va|)our has done its woi'k in the engine, it is taken to a surface con- 
denser, is there condensed into a liquid, and is then returned to the 
V>iler by means of a pump, so that it may be rc-evaporated there ; 
the whole atrangement being al.>solutely similar in arrangement, 
though not in detail, to that which is adopted with the nater and 
steam in a condensing steam engine. 

An extremely interesting series of comparative exiwriments 
have been tried by Mr. Yarrow, experiments which compare the 
advantages to be derived from such a use of petroleum spirit with 
those obtainable from water in an oi'dinary steam engine, with tbe 
result that he says he finds that if " nine " represents the value to be 
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obtained in work done from any given amount of heat put into the 
petroleum spirit in hia boiler, " five " represents the value in work 
done to be obtained from the same amount of heat put into the water, 
or into the steam, in an ordinary steam engine boiler ; or, in other 
words, he says he can obtain nearly twice as raiich benefit from the 
use of an equal amotint of heat by using this ap{>aratus as h 
obtained in the oiilinary steam engine. 

These advantages are obtained mainly from the following causes:— 

First, the temperature at which valorisation of the petroleum 
spirit takes place is low, as comj>ared with the tempenitui-o i-equired 
for water, and therefore there is not so much loss by radiation 
of heat from the petroleum spiiit boiler and engine, etc., into the 
atmosphere, there not being so great a difTerence between the 
temperature of these, as there is in the case of the steam engine ; 
second, the latent heat of vaponsation of the petroleum spirit is 
low OE compared with water, that is to say, there is not so much 
heat lost in that vaporisation as there is in the case of water ; ^d 
third, the specific heat of the petroleum spirit is low, that is 
to say, it requires smaller increments of heat to increase its 
temperature through any given range than does water. 

I have not a doubt that many of you will say, " If alt this is tnie, 
why is not the apparatus more largely used, especially as thifvo are 
other advantages derivable from its use in this way 1 " 

Well, there are many reasons for this scanty use. 

1. That it has only within very recent times been devised and 
practically used. 

2. That it is extremely unsuitable for lai^e powers, ami for the 
reason that this spirit is extremely ditficult to " contain," and I uiii^'t 
here explain what is meant by this. 

In the case of many litjuids, when comparing them with water, 
one finds that in pr.wticc it is extremely difficult to make a satisfaetorj' 
"joint" in the various portions of the metal forming the apparatus 
in which they are contained under pressure, such a joint as shall 
absolutely prevent leakage ; that is to say, many liquids and vapoars 
will, although their pressure may not be great, leak through a joint 
which would contain or hold water or steam. This is more especially the 
case in practice with the vapours of such liquids as petroleum. Steam, 
when escaping from a leaky joint, shows itself by being at once con- 
densed in the atmosphere, an.l there becoming a visible vapour : and 
further, steam, when it has escaped at once loses its pres:jure, and 
becomes practically harmless. But the ^'apours of petroleum, aod 
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of many other liquids, are invisible, and it is not possible to discover 
a leak, unless by the smell of the vapour, and it is very often by 
that time too late to prevent accident The vapours of most of 
these liquids will, as I have told you, and as we shall find |)etrolcum 
vapour does, explode or burn with very rapid combustion when 
mixed with a given quantity of atmospheric aJr, and therefore it 
would be extremely unsafe that engines and boilers worked by such 
a spirit as this, should be placed in a closed engine or stokehold. 
Further than this, there is one great practical reason why water and 
steam have such advantages over other liquids, and the vapours 
from them, for power production. Those of yon who have had any- 
thing to do with the inspection of new boilers for instance, vnW often 
have seen, when these are under hydraulic pressure (their hydraulic 
testa), that in spite of the caiilking having been properly done— or 
rather the fullering, aa it should be in those days — there are in places, 
at the joints, slight "weeps," or signs of raoisturc exuding ; and you 
are also aware that if the manufacturer knows his business, and is 
left to himself, he will prefer to leave these (which may perha])a be 
termed leaks), alone, knowing very well that they will " take up " 
when the heat due to the steam pressure is on the boiler, or when, 
after a little time has elapsed, a slight nist or oxide forms in the 
almost infinitesimal spaces through which the moisture has come ; 
and it is this caiwbility of rusting or oxidising the metals with which 
engineers most frequently deal, which is possessed in so great a 
measure by wat«r or steam, that renders their use so much more 
easy and satisfactory in practice. 

One notable instance of failure of a theoretically satisfactory 
scheme for obtiiiniug a greater [ler'centage of effect from a given 
quantitj' of heiit by the use of a, vapour other than that of water, is 
afFordeil by the ether engine. This was a combined vapour engine, 
that is to say, it was a steam engine wherein when the stciim had 
done its work in its engine, it was condensed in a vessel where its 
heat was transferred to lii|uid ether, which, vaporising as Mr. 
YaTTOw's jMtroleum spirit does, at a very low temperature, was used 
in an engine similar to the steam engine and to assist that steam 
engine, the other being aftei-wards condensed by Ixsing passed 
through pipes surrounded by cold water, and then returned to the 
vessel in which the exhaust steam from the steam engine was con- 
densed, this vessel acting, therefore, as the steam engine condenser, 
and, at the same time, as the ether vajiour Ixiiler. These engines 
are associate<l with the name of an eminent Frenchman, M. dn 
Trembley, and were in use about the year 18.50. 
P2 
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Man}' large engines were made, and employed in mail ships cany- 
ing tho mails from Marseilles, but although they were for years in 
iisc, and although most careful experiment and practical tests showed 
an economy of fuel consumption, yet these engines had to be 
removed and to be replaced bj' steam engines, almost entirely 
because of the difficulty of containing tho ether vapour. 

Some of the incidental advantages of which I have s[>oken above, 
anil which Mr. Yarrow obtains by the use of his apjiaratus, are tliat 
the weight of his engine and boiler, and of the fuel which he miist 
carry necessary to drive the boat for a given distance, arc small «s 
conijrared with the weight of a steam engine, a steam boiler full nf 
water, and the similar necessary quantity of fuel. Further, he hiis 
the advantage that he can obtain a pressure suflicient to start hk 
engine into motion in a very few minutes — two oi- three— from the 
time of lighting up ; in fact, I have seen a pressure of 40lbs. on the 
square inch obtained in a small launch boiler within three minutes of 
tho time of lighting up. This is an ad^'antage well worth having in 
the case of the machinery of a launch, or of a yiicht's small boil, 
cases for which, as I have told you, Mr. Yarrow is at present alone 
using this apparatus. 

You will see that I have Upon the wall several diagrams, shuwiiig 
sections through a " Zephyr " launch, " zephyr " being the name !>} 
which Messi-s. Yarrow's boats of this class are known. 

Time will not admit of my fully describing them to you, but joii 
must take it from mo that all that is done is to use the vajiourDf 
this petroleum spirit in an engine in the same way as steam is used 
in a steam engine. Oi'dinary petroleum oil is used as the fiiel, bunit 
with an ordinary wick, similar to that of the ordinary iloniesUc 
lamp or oil stove. 

You will, of course, understand that the largest of these boats is 
only of some 10 to 15 indicatoil horse-ijower, and that, for the 
reasons I have given you, they are all " open " boats, i.e., the engine 
is not contained in a closed stokehold. 

There is much more that I could tell you about the details of 
these two mmles which wo have considered for producing energy 
from petroleum, but I am warned by the clock that our tinio is 
getting short, aud we have yet to consider the third mode, that 
which is, to my mind, pre eminently tho mode which will, in the 
near future, be most largely used. 

That which I have termed the third mode, is the one wbere 
energy is produced by the burning of petroleum in the cylinder of 
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the motor itself in a way similar to that adopted for obtaining power 
from coiil gas, wliere the coal g:»s, with its proportion of air, is 
burnt with rapidity, or exploded, in the engine cylinder. 

Voii will remember that the first mode was that whci-ein the 
iwtroleiim was used as a liquid fuel burned in the fire-box of the 
boiler of a steam engine, thus jiroducing steam to drive the engine ; 
and in this indirect way, if I may so put it, power was profbiced. 
Anil you will remember that the oil used for fuel was that having a 
high fliishing jwint, and being practically the refuse of the refineries. 
And j-ou wilt also remember that one of the princiiial i)ractical 
dttiicultics in connection with this mode of using petroleum in 
prjictice, of which i told you, was that dwe to the regulation and con- 
servation of the heat so as to " average " it, and thus to prevent the 
local eft'ccts of over-heating. 

You will also remember that the second mode was that wherein 
the lighter, or more volatile part of the petr'oleum, that is to sa}', 
the jietroleuni spirit or naphtha, was used in an engine similar to the 
onlinary steam engine; this spirit, and the vajjourfrom it, replacing 
the water in the boiler, and the steam in the engine and condenser. 
And you will remember that the princijwl practical difficulty here 
was the diffiuulty of " containing " the volatile vapoiu- of the spirit, 
and that I told yon how the danger of explosion, when leakage 
ocourreil, was guarded against. 

The third mo<le by which we agreed in our first Icctiu-e that 
energy might be produced from petroleum, was that where the 
[wtroleum was gascfied, and the gas thus produced was burnt, or 
exploded, in the cylinder of the engine itself, thus heating atmos- 
[ihoric air, and giving energy by the ex|iansion of the hot gases thus 
produced. 

You, of course, alt of yon, know that the oitlinary gas engine may 
be scientifically termed a hot-air engine, as may bo the form of 
petroleum engine I am about to describe; that is to say, a gas 
engine is an engine wherein a volume of air is heated by the rapid 
combustion — call it explosion. If you will— of coal, or other gas, and 
power is produced l}y the expansion of this heated air, and of the 
gases produced by the explosion. 

You will have realised from what I have told you that the burning 
of petroleum is accompanied by the development of great heat, and 
you will say to me, if the evil effects of the great local heat had 
to be guarded against where petroleum was burned in a boiler 
furnace, and where, therefore, it was surrounded by the water to be 
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heatcil, surely tliuse effects will have to be guarded against where 
jou Imm the ijetroleum iii the cyliinlcr of jour motor, and to a 
much greater extent, because, in order to avoid the evils due to 
leakage, which are evils cominoii to the two modes, you must 
prescive the bore of your cylinder perfectly tnie and smooth, and 
you must also preserve the exterior surface of your piston, which is 
in rubbing contact with that cylinder (this nibbing contact making 
the joint as against leakage) perfectly tme and smooth. 

I do not know of any experiments which have been tried, and 
which give, with accuracy, the tempcratui'es produced wheu petro- 
leum vapour and air are mixed and exploded, or rapidly buiiied, 
as they are in the motor cylinder of a pctroleiim engine such 
as wc have here. It is generally accepted as a fact, however, 
that when common coal gas and air arc exploded in a similar 
manner, a temijeiiLtni-e of some 3,500 degrees Fahrenheit "absolute" 
may be reached. If this is so, you may well ask how it is 
possible to find any material, of which to make your cylinder, 
capable of withstanding such great heat. You know that the tem- 
perature at wliich cast iron melts is some 3,200 degrees absolute, or 
nearly 1,500 degi-ecs lesa than that stated above ; and, as it is fair 
to assume that in eonsequcuco of its highei- calorific I'alue, a mixture 
of petroleum, vapour and air will at least attain as high a temi>cratt)re 
as that which cx[«rimeiit has shown is attained by the mixture of 
cunimon coal gas and air, when thes^e are exploded, you would at 
once conclude that cast iron cannot be the material used for the 
cylinders of petroleum engines. If you did so, you would be wrong, 
for it is the material used not only for the cylinders, but for the 
pistons, and these cylinders aiid pistons do maintain an extremely 
blight and tnie surface over long periods of working when they 
receive proi>er attention. 

Now, as the whole working of petroleum engines of this class is 
arranged so as to meet this difficulty of overheating the cylinders, I 
think if we spend some little time in considering how this diAiculty 
is dealt with, it will be of advantage. It was the difficulty which 
wiks first oveixiome in those successful g-.is engines (which are practi- 
cally similar to the petroleum engines) which have, of late years, 
commanded such great attention, and have had so gi-CJit a sale. 

The eai'Iiest of these gas engines was that known as the " Otto " 
Silent Gas Engine, manufactured in England by Messrs. Crossley 
BroLhei-s, of Openshaw, near Manchester. 0\ving to the kindness 
of Mr. Crossley, I have here a working model, which shows by the 
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i colours appearing through the section of tho cylinder, the 
Bequonce of operations taking place there through u succession of 
strokes of tho engine. 

I will work the model, ami you may take it that that description 
, wliich is good for this engine is in respect of its " cycle," or 
se<]uence of operations, good for aiich a petroleum engine as this, 
which is called tho " Priestnian " engine. This sequence of opera- 
tions occurring in the motor cylinder, la, in gas anil petroleum engine 
|Nirlance, termed a " cycle," Please i-ememl>er that when I sjieak of 
the " cj'cle " of a gas engine or of a jwtroieum engine, what I mean 
is the seiiiience of o|)cration9 occurring in tho motor cylinder of that 
engine. Further romemlKir that these are not all exactly similar 
in seqiience for diftbrcnt classes of engines, hiit the princijile under- 
lying them is the same throughout. 

You will remcmher that when I showed you the diagram of the 
elementary cylinder with the piston moving from end to end of it, 
I suggested that tlie steam might be let in behind the piston as it 
went forwanl, might be exhausted as it returned, then again let in 
as it went forward, again exhausted, and so on. This if the engine 
were single acting. If it were double acting, these operations would 
lie rcjieated in succession on the opposite sides of the pi8t')u, and, 
therefore, at each end of the cylinder. 

Most gas engines, and all {>ctroleum engines, as far as I know, are 
only single acting, that it is to say, there is only an impulse to move 
the piston in one direction, and the front end of tho cylinder is open 
to the atmosphere, which passes freely in and out as the piston 
moves Ijackwards and forwards. We may, thei-efore, leave one end 
of the cylinder out of consideration altogether, dealing only with the 
other, and with the space between the cylinder cover and the side 
of the piston at this end. 

Yon have here a section through a gas engine cylinder, or rather, 
I will call it a petroleum engine cylinder, for these two engines — 
"Otto " engine and the most common form of [wtroleum engine, 
the Priestman^are alike in the sequence of operations taking place 
in the motor cylinder ; or, in other words, they are alike in the 
" cycle " of their working. You will see that the model shows, by 
the varying colours displayed in succession in the cylindci' as the 
model is worked, the " cycle " which occurs. 

Let us commence with the first outstroke of the piston. When 
this is taking place, the valve admits the charge of petroleum in the 
form of spray with a charge of atmospheric air, the proportions of 
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these being so adjusted as to give an explosive mixture when tbe 
petroleum has been vaporised, and the two are fii'ed. You will see, 
aa 1 move the piston forward, this charge is drawn, or sucked, into 
the cylinder, and that then the further motion of the engine closes 
the slide valve, and stops the admission of the mixed air and. 
petroleum spray. The engine going on, the piston returns, makinj; 
iU tiri^t instrokc, the inlet slide valve and the exhaust valve remaia- 
ing closoil ; the mixed charge of oil and air are compressed between 
the l>ack of the piston ami the cylinder cover. The charge is tlicii 
i<;nited, exjilodes, forcing the piatou outwards, the motion being 
made becau^ic of the combustion of the mixture, this stroke being 
the " iKJwer " stroke. The further revolution of the engine, due bi 
the impetus conveyed to the fly-wheel, canics the piston inwanls, 
the exhaust valve being at this time oijeneil, the products of combus- 
tion prmluceil in the [X)wer stroke are expelled into the atmosphere. 
You will see that our model engine is now in the same condition as 
it was when we started, for the next forward movement will open 
the inlet slide valve and draw in a charge of peti-oleiun and air. 

You will now remember, therefore, that the " cycle " of a petni- 
leum engine, such us the Priestman engine, really consist of two vnt 
and two in strokes of the piston ; the first out-atroke being the 
suction stroke ; the next in-stroke being tlie compression stroke ; tbe 
next out stroke the explosion stroke ; and the next in-strokc the 
exhaustion stroke. 

Now, look what the practical reaiilt of this is. You devote tbe 
whole of one stroke of the piston to sweeping out the products 
of combustion or explosion which luive been formed in the previous 
out-stroke ; you allow time whilst these various successive strokes 
aro ixting made for the heat of the cylinder to be communicated to 
the water in the water jacket, and to be thus carried away ; and joa 
thus ensure Chat the cylinder shall not get so hot as to cause prema- 
ture explosion or firing when its next chaise for giving the impulse 
is drawn in, and before this charge can l^e compressed. 

I want to avoid, if I [jossibly can, complicating that which I h»« 
to tell you with questions of that which is known as " stratificatioD 
of the chai-gc," or of the atlvantages derivable from compression of 
tlie chaise, and I will only point out the practical diflicultiee, lUid 
the pr-oetical modes of overcoming these, with the practical results 
obtained, feeling that for your particulai- purjiose this is the pro[«r 
thing to do. 

As the mode for obtaining energy from petroleum with which «e 
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are now dealing is one coni[)!iring most favoiintbly with the ordinaiy 
Rteam engine, I have had prepared, in order that you may liave 
graphically before yoii some idea of the mechanical eftieiency ob- 
tained in these i^troleiim engines, these three cubes. 

The larger one, the black one, is supposed to represent a definite 
amount of heat, let it be represented by the figure 100 ; and these 
two smaller red cubes represent — the one the efficiency obtained in 
a good com|K)und condensing steam engine, say burning 'Jibs, of 
coal per indicated horse-power per hour ; the other, ivhich, as you 
will see, is only slightly smaller, the efficiency obtained in a petio- 
lenm engine such as this which we have here. 

To give you the illustration in percentages :- - If the large bhick 
cube is represented by the figure we have taken, viz., 100, the steam 
engine cube would Iw represented by 11, and the petroleum engine 
cube by 10 ; that is to say, the steam engine usefully utilises 1 1 ])er 
cent, of the total heat contained in any given amount of fuel, and 
the petroleum engine usefully utilises practically 10 i>er cent, of a 
similar quantity of heat. If you compare either of these efficiencies 
with that of the gas engine, please remember that the fuel for gasifi- 
cation of that used in the gas engine is not taken into account, as it 
is represented by the coke used in the retorts for distilling the coal 
from which the gas is produced. 

Other forms of petroleum engines, which I shall presently describe, 
do not utilise quite as much as this, that is to say, their mechanical 
efficiency is not quite so high. 

In considering the relative efficiencies of the steam engine and of 
the petroleum engine, yoii must remember, however, that the 
steam engine is a machine which has been in use for many years ; 
which has been studied and improved, and experimented with by 
thousands of able men ; and that the petroleum engine, for practical 
purfioses, has only very recently been considered and come into 
practical use. 

The petroleum engine is not yet quite as efficient, nor is its cost 
of working so low, as that of its groat rival — the gas engine ; but 
the petroleum industry is one which is, day by day, increasing, and 
tlieix! arc no theoretical reasons, of which I am aware, of sufficient 
imjMrtance to justify ns in thinking that the jictroleum engine will 
not, hi the near future, he at least as efficient, as handy, and as 
simple as the gas engine. Further, we must remember that the 
petroleum engine has one advantage, at least, over the gas engine, 
which arises from the fact that there is no need to turn its fuel into 
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gas hefore it is delivered to the engine, and there is no ne&], there- 
fore, to incur the expense of the costly apitaratua necessary for the 
gas engine, in those cases where its fuel cannot be obtiiined directly 
from the gas company's mains. 

Further, [Mitroleum engines are now mwle of the (wirtaljle type — 
that is to say, are mounted on wheels as is a portable st«am engine ; 
the tank of oil fuel being canietl on a separsite set of wheels, or upon 
those caiTying the engine, so that the whole may ho moved easily 
about from place to place ; and you will realise that this i>oi-tability 
is a great advantage for agricultural purposes, and is an advantage 
not possessed by the gas engine. 

I Iwve now shown yoii what aie the practical advantages deriv- 
able from the use of petroleum for the |»ro<liiction of energy in 
engines such as this, and I have at some length described to yoii 
that which is the greatest pnictical difficulty that liad to be sur- 
mount«d, that ilue to the heat developed by the combustion of the 
{wtrolcum vapour in the motor cylinder itself ; and, further, have 
told you how this difficulty is met. You must remember, however, 
that the fuel in petroleum engines h a liquid ; that thL^ liquid has 
to be automatically delivered at regular intervals into the working 
cylinder of the engine, and must be delivered in such a manner as 
will reniler it capable of easy valorisation in those cylinders. This 
is usually obtained by pumping the jtetroleiim into the cylinder, 
delivering it there as a B])ray ; a regular quantity lieing supplied for 
each explosion or working stroke of the engine. 

Vou will realise that this need for the va|K)risation of the liquid 
fuel involves a certain amount of theoretical loss of efficiency — that 
is to say, jou will remember that there is a certain amount of heat 
which disappears, or becomes latent, in every case where liquid is 
turned into a vajioiu' ; and although the oil used for working these 
petroleum engines is very volatile, yet this theoretical loss is au 
appreciable one. 

We shall find that in Mr. Priestnian's engine — the one we have 
here — efforts are made to utilise some of the heat of the exhaust 
(which would otherwise be wasted) b3' causing this heat to vaporise 
the liquid fuel before it is delivered to the working cylinder. 

Other difficulties in practice ai-e those connected with the firing, at 
the right moment, of the explosive mixture, and with the necessity 
of so regulating the quantity of oil and the quantity of air that 
jicrfect combustion shall be enaiired ; for if this is not done, then 
carbon deposits are formed iu the internal portions of the engine. 
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und these clog the small inlet piissitgcs and block the working faces 
of tlie vulves, etc. 

To show you how recent la the practical development of this form 
of iKJtrolenm engine, I may say that the earliest reconi of snch an 
engine that I ha^'c been able to find is the one suggested by the late 
Sir Wilhiim Siemens, in 1868 ; but this was only a suggestion, and 
no practical work was done until, in 1.S73, Brayton, an American, 
patented ;i juitrolenm engine which, with very slight modifications, 
conhl Ije used with cither jwtroleum or gas. 

We have upon the wall a diagram showing a. section through the 
working cylin<ler of a Brayton petroleum engine, and a section 
thnjugli the oil pump of this engine (see Fit/. 8). 




FlO. S.—Brai/lvii's Hiidrti-Varboii Enijine. 



In the earliest engines of Mr. Brayton, he used the explosive 
force of a mixture of air and oil to compress atmos]ihcric air in a 
separate ve.ssel, and this compro^tserl air was made to act n[H)n a 
piston connecttiil to a crank shaft, and thus t« obtain rotan' motion. 

This form of engine was alwiniloned, however, and the engine, of 
which we have the diagram, was designed. 



I must be very brief in tiescribing this, and may tell you that mt 
was forced by a pump through a chamber containing felt, or a 
similar fibrous material, this felt I>cing ke[)t supplied with the 
requisite quantity of oil. The air thus became charged with 
|>etroleiim vapour which was comjiressed in the working cyliniier, 
and was there fired by means of an external flame connected through 
jjassages, at the right moment, with the oil mixture in the working 
cylinder. 

Although many engine.^ on this principle were manufactured and 
sold, yet the engine was not practically a success, mainly because it 
was imiwsstble to ensure the correct strength of the ex|)losive niix- 
tui-e by forcing the air through felt charged with oil, as Mr. 
Bray ton did. 

F'uj. 9 shows an elevation of a Knight's petroleum engine, which if 
one of those at jjrescnt made and sold. 




Knight's I'drok-um Eiujim. 



This engine is horizontiil, and is single-acting. One capable of 
developing, say, one horse-power, would run at about 300 revolu- 
tions per minute, and would consume about one-fifth of a gallon of 
oil per hour. Its cylinder would be four inches in diameter, and its 
stroke eight inches. At tho back of the cylinder there is this 
vaporising chamber, and the cylinder and the vaporising chamber 
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arc sGiHii-atcd by a stoel plato about ^V"- thick. To this |)l:ite riha 
iiro attiiched, projecting into the vaporising chamlier — those rilis actitis: 
a? th iM in an onlinary slow combustion stove, to transmit the heat 
from the cylinder to the oil in the vajjorising chamber. Under tlile 
chanilier there is placed an ordinary oil heating stove, by means of 
which the chamber can \>e made so hot that when a small iniantity 
of oil ia pum[)ed into it for starting purposes, this oil is vaporised, and 
the Hy-whecl Iteitig turned by hand, the v:i|>our, with the iieeessucy 
quantity of atmnspheric air, is sucked or ili-awn into the cyliruler 
through tho inlet valves, and is fired in the manner which 1 shall 
presently describe, and the engine starts to work. After a time, and 
when the cylinder has got sufticiently hot, so as to enable the rilw) in 
the viiporising chamber to deliver sufficient heat to tlie oil pum|>cd 
into that chamber by the engine at each stroke, the heating stovo 
can be extinguished. The firing of the explosive mixture is done at 
the rc«piisite moment by means of heiitcd platinum wire carried in a 
small slide valve, worked by the engine. This valve has a hole in 
il, in which is tho small spiral of platinum wire. This platinum 
wire is exposed to the blow-pipe fiame from an oil lamp —the air 
blast for this blow-pipe flame being obtiiincd from a bellows fixed on 
the bed piatc of the engine and being worked by it. The igniting 
slide valve is worke<l by a cam, which at the proper moment draws 
the slide with the white-hot platiinim wire in it into a [Kisition where 
thei-o is connection through a hole in the cylinder-side, with the 
compressed charge of tapour and air itt the cylinder. Tho oil is, as 
I have said, automatically pumjied liy a small pump worked by 
the engine into the valorising chamber, being ilelivereii there in tho 
right quantities and at the right moment. The governing of the 
s|>ecd of this engine is done by stoppuig tlie supply of oil to the 
va])orining chamber, with the result that au explodon is missed out, 
wheu the speed exceeds the normal. No luliricating oil is re'iuii^ud 
in tho cylinders of these engines, beutuso a small quantity of the 
oil i'a]>our use*! for working the engine is condensed at each stroke, 
and thus acts as a lubiicant. 

There Is another engine which I should have hked todescnhe, had 
time [wmiitted, which is that known as the '■ Weatherhogg" engine, 
but it only differs from those which I have described and from the 
one which we liave here in certain small details, and I must leave it. 

As you see, we liave here a " Priestmaii " oU engine, which I 
suppose is, at the picsont time, the most successful oil engine in the 
market. 

Due to the kindness of Messrs. Priestman, who have sent this 
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engine here, and hitve put it to work, I am able to show you the 
actuiil machine. 

Hero is the motor cylinder corresponding, as you will i-ememlier, 
with the cylinder shown in cectioii in the model, where I described 
the " cytle " of operations occurring in this cylindci'. In this motor 
cylinder is the piston wliich, hy rods, communicutes its reciprocating 
motion to the crank on the crank-shaft, thus causing this shaft anil 
the fly-wheel anil pulley attached to it to revolve. From this shaft 
by means of gearing and the way-shaft, the inlet valve for adniitcint' 
the ijctruleiini an<l air is worked, as is also the exhauat valve through 
which tlio ]iroilucts of combustion are expellcil at the exhatiation 
stroke of the piston. The firing is done, :is I have told jou, 
electrically, contact being made at the right moment, so a-s to cause 
an eleutric spark to pass thi'ough the mixed charge of iKJlroleum ami 
air, when it hits been compressed by the instrokc— the compression 
stroke — of the piston. Below the cylinder is a vessel, into which 
the oil is dehvere<l in successive charges, there being heated, while 
the engine is working, to vajwrisation, by the beat of the proiiuets 
of combustion from previous explosive strokes. 

If you will consider this, you will see that it is necessary, when 
the engine has to be stai-ted, to generate sufficient heat in the vessel 
into which the iietroleum as liquid is delivered, to ensure the 
vaporisation of that [wti-oleuuL This heat is obtaineil by meaus of 
a lamp, the flame of which is urged hy the air blast worked bja 
hand-pump, and as soon us the vessel, into which the chaise of 
petroleum is delivered at each siiccessive stroke, is sufficiently hot 
the engine can be sbirted. 

I shoulil like, if time would jjermit, to explain to you the modes 
by which the electric filing is done at the exact moment rcquii'cd; 
the modes by which the ]>ro|)er quantity of oil and of atmospheric 
air are delivered into the cylinder, and at the right times ; and also 
to describe to you exactly the mode by which the speed of the 
engine is governed, but the clock warns ine that I have already 
exceeded the time allowed for the delivery of these lectures. 

I must ask you to pardon me for this, and to remember hov 
difRcult it has been to condense stifficiently that which I hii) to 
tell you, and yet to he ceitinn that I ha\o told you enough to cnal>le 
yoTi to appreciate the theory of working ; the difficulties ; the 
moilos of ovei-coming these difficulties; and the possiliiiities of 
energy production from petroleum. It now only i-emains for me to 
thank you for the courtesy you have shown, and for the attention 
with which you have listened to that which I have had to say. 



PAPER XI. 



BRIDGES IN THE BENGAL 
PRESIDENCY. 

By Sir Bradford Leslie, K.C.S.I., M.I.C.E, 



I WAS very reluctant to umlertake to lecture on Indian briilgcs, 
Vjecaiise the subject is of suuh grciit iniiwrtancc tliat it deserves to 
be treated by Bomcouc who has had better opjKii'tiinitius of stuilying 
it than myself. My jiractical experience of briilge constraction is 
confined to Lower Bengal, and my acquaintance with the bridges of 
the Punjab, the North West Provinces anil Onde, is very limited. 
I, tlierefore, cannot pretend to give any aii]>ro;ich to a complete 
account of bridges in the Bengal Presidency, as I have neither the 
recorded data nor the personal knowledge to treat in a com])rehenaive 
manner so interesting a subject. I can only offer such general 
observations on bridge construction us have occurred to me during 
the period, from 1858 to 1887, that I spent in Bengal, illuatmting 
my remarks by reference to special works typical of the various 
styles of design that have been adopted. As I have, to a great 
extent, to draw npon memory for what I ha\'e to say, I must claim 
your indulgence for any inaccunicy in matters of detail. 

Of the gi-eat bridges in the Bombay and Madras Presidencies I 
have no personal knowledge, but judging from the numerous 
instances in which bridges in those Presidencies have failed, and 
have had to be replaced by new bridges, it aijjjcars prolKible that 
the rivers of Southern India present quite as gi-eat difficulties to the 
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engineer as those of the Bengal Presidency. Before the British era, 
some of the minor rivere in U|)per India were bridged by the 
Moguls, nui'T their laige i;itie», and these old Mussulman structures 
are very remarkubie. As an eKani|>lc, may lie taken tlie elevation 
of the bridge over the Goomtee, at Jaunpore City (Plate I., Fig. 1). 
They arc higli narrow bridges of brickwork or masonry, founded on a 
continuous masonry platform, with very massive piers and small 
pointed arches, more resembling a jjerforatcil dam th;in a bridge — ^iii 
tliisi-esiicctthcyarcnot unlike many old bridges in liuroi>e. Whether 
iTitentionally or as a necessary conseijuence of their practice of 
building their arches on earthen centring, which was not verj- 
reliable, the {Mel's of these bridges are sufficiently massive to act as 
abutments, so that the failure of one ai-ch would not iniolve the 
destruction of the remainder, as in the case of an ai-che<l viaduct, in 
which the thnist of an arch is sufficient to upset the pier. In the 
case of the Jaunjwre bridge, the floods of ages have jwiired through, 
and in one case at least, in 187 1, 10 feet over tiie top, carrying away 
all the shops that were erected on the piei-s (somewhat after the 
fas^hion of old London bridge) without finding a weak point, ami this 
bridge is valuable as an example of the stability of platfonn bridges, 
provided thej' ai-c efficiently pi'Otected fi-om under-scour. 

Since the establishment of the British dominion in India, the great 
majority of the bridges have been constructed for effecting nulway 
communication over rivet's and watercourses, and these structures 
are interesting, es{)ecially in the Bengal Presidency, owing to the 
heavy floods and inundations to which they are subjected in the 
rainy season, and the generally unstable character of the river tied* 
in which the abutments and piers have hail to be founded. 

Tlie qnickcninsj effect of railwaj- communication on the backward 
provinces of India has Iwen most marked wherever these highways 
have penetrated. Unfortunately, the proposal to run a line of 
railway through an isolated district is too often nugatory, for the 
simple reason that the probable traffic will not pay interest on the 
capital outlay. 

The cost of embankments, cuttings, permanent way, stations and 
rolling stock is fairly constant and proportionate to the traffic. The 
cost of bridging, however, depends on the natiire of the country, but 
the bridging of a I'ailway must be a thorough job, and it generally 
aggregates a heavy addition to the capital outlay. For these reasons 
economical bridge constniction is of lital imi>ortance to the future 
of railway extension in India. 



Ckaracteiinfk Fea/nre.i nf Indmn Ilivrs. — In the vast extent of the 
{tUin country of the Punjiib, the North-west, and Benp;at proijer, the 
land is an alliiviiim of sand and clay of unknown depth, with 
occasional deposit*! of "knnker," a kind of limestone gravel, which 
occurs in thin heds, and which, when hunit, yields excellent 
hydranlic mortar. 

The lowest level of the plains is generally that most remote from 
the great rivers, the lanti rising grailually thence to the hanks of the 
rivers where the large towns and villages are situate<l. The centre 
<jf these extensive depressions is usually covered hy a swamp or 
jhcel, which never dries up, and is connected with the rivers hy 
watercoiirseK, " nullahs or khala," through which, in the flooil season, 
the water chargeil with deposit, flows from the river into the swamp, 
extending the limits of inundated land until, in very wet seasons, 
only the high land at the margin of the rivers is above water. As 
the water in tlie river subsides the current in the nullah is reversed, 
and it gradually drains the land, leaving it fertilized by the river 
deposit 

The watercourses or " nullahs," which dniw off the flood spill of 
the main streams, are often ill-defined, and in extraordinary floods 
an enormous volume of water is spilled over low jxirtions of the river 
banks, which finds its way to the interior over a wide area, and 
necessitates flood o|)enings in railway embankments. 

The large rivers in the Punjab and upper India discharging sudden 
and concentrated [leriodic floods through alluvial plains have 
commonly a very ernitic character, and this is especially the case in 
the Punjab. 

The rivers in the plains generally occupy broad shallow valleys, 
varying in width, hut in some cases as much as seven or eight miles 
broai These valleys ai'e termed the " kader " of the river, and 
through them the dry season cliannels, generally fordahle, meander 
in a tortuous course, leaving wide sand banks or "churrs" on one 
side or' the other, and forming islands in the centime. In some cases 
the low-lying lands of the banks and islands, afford valuable crops 
and pasture, in others it is overgrown with elephant grass and jungle, 
giving cover to tiger, wild jiig, and other game. 

When the monsoon i-ains are light it may happen for several years 
in succession that the rivers do not greatly exceed their dry season 
channels. 

The heavy inundations are less frequent, but when they do occur, 
a great part, sometimes the whole width, of the kader valley is filled 
<) 
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with a turbid flood, which does not, however, flow in an uniformly 

direct coiirse, but influenced by the turns and bends of the dry 
season channels, runs in some |>ortiotis at a velocity of 10 miles or 
more jwr hour, with, in other places, large areas of corajHiratively 
still water ; while frequently in the wake of islands or under 
projections of the permanent banks the stream eddies back and flows 
in the opposite direction. It also escapes through the lateral nullahs 
before described, and Alls the depressions in the interior of the plains. 
Besides raising the level of the water in the river, a heavy flood gets 
relief by scouring and deepening the channels, and forming new ones 
by cutting away the sand banks and islands, so that sections takeu 
in the diy season are of very little use in calculating the discharge, 
or as a guide to the regime of a river in the floods. 

On the occasion of a heavy inundation, it not unfrequently happen.^ 
that owing to some local obstruction caused by drifting jungle, a 
deei» channel may be cut through portions of the kader valley, 
which, a few days before, were cultivateil fields. 

The high [jormanent banks are in fact the limits of deviation, 
within which the channels may occupy almost any jiosition, some- 
times at riglit angles to, and sometimes even in the opposite 
direction to, the general course of the river. 

During a heavy inundation the surface breadth of these rivers is 
so groat that the tops only of the highest ti'ees are visible from one 
side to the other. On the subsidence of such extraordinary floods, 
great changes are frequently found to have occurred in the location 
of the dry season ehannels. 

The net wi<lth of waterway to be given in bridging such rivers is 
one of the most difl^cult questions that have to bo decided by 
engineers in India. 

A remarkable instance of the sudden alteration of channels caused 
by the floods, occurred in Lower Bengal, in 1861 (I'latt 1., Fu/. 2). 
Previous to that date, and as far l«ick as the memory of the oldest 
inhabitint, the main channel of the Ganges flowed close under 
the high bank at Kooshtea ; but no sooner had the Eastern Bengal 
railway built their terminal station at this apparently permauent 
and favourable reach of the river, than in a single flood season a new 
channel was scoured two and a-half miles to the north-east, and the 
old channel silted up so completely, that within a month a crop of 
indigo was growing on the new land, where the main channel of 
the river flowed 50 feet deep before the floods ^representing a thick- 
ness of SO feet of solid earth deposited in a few weeks, and that over 



an area of many square miles. It is to he noted that the Goiiii river, 
an outlet of the Ganges, tiiking ofl' a mile or two below Kooshtea, 
was not choked by the silting tip of the old channel of the Gauges, 
but adopted a portion of that old channel to maintain its connection 
with the new stream of the Ganges, conse<inently reversing the flow 
of the water in thiit jjortion of the old bed of the Ganges. 

Since 1861, the bed of the Ganges has gone much further to the 
north-east, and the course of the Gorai river has been lengthened bj' 
fully five miles above its old mouth previous to 1861 {Plate I., Fiy. 3). 

A similar instance occurred at liajniahal, to which point the 
East Indian railway was o|>ened in I860, and where also extensive 
terminal buildings were erected on the l>anka of the Ganges, and 
sanguine antic i[>ations were formed of the traffic to be derived from 
tapping that great highway of inland navigjition. Here also in a 
single season the floods entirely altered the course of the river, and 
the railway t«rminu3 was loft miles inland, so as to be utterly 
inaccessible to steamers and country craft. 

A more recent case may be mentioned when the navigable channel 
of the Ganges, which flowed close to the Patna Ghat station of the 
East Indian Railway, suddenly silted up, and the railway had to be 
extended about a mile to the new channel. 

These instances refer to Lower Bengal, where the Ganges is 
navigable, and where no proposal has hitherto been made to bridge 
it, and are quoted because they came under my own observation, 
but changes similar in character constantly occur in the rivei-s up 
country. 

In the Punjab, Onde and I oh Ik nd an I the North-West Pro- 
vinces, the floods are seklom more tha ten daj's or a fortnight in 
duration, though this is lot g e ouj.h to ari'y away bridges and 
embankments and to rlo a vast mo i t of damage to the railways. 

Iir Eastern Bengal, awelletl bj ts numerous tributaries, and owing 
partly to the influence of the Brahmapootra river, the Ganges and 
its \uddcah effluents may remain in full flood for a month or more, 
and during such periods the railways of this district south of the 
Ganges are sorely tried by the flood spill, and often severely 
punished. 

Numerous important rivers, tributaries of the Ganges and the 
Jumna, take their rise in the southern slopes of the Himalayahs 
and in the elevated plateaux of Rajputana, the Central Provinces, 
Chota Nagpiu-, and the Rajmahal hills, while others, like the 
Damoodah and Mahimuddy, flow ilirect into the Bay of Bengal. 
Q2 
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In the hills theso rivers gonerally have a well define'l channel 
with a steep slope and a rocky bed, covered with a greater or lesser 
thickness of sand ; but where they debouch on the plains they assume 
the ordinary characteristics of rivers in the plains. 

Some of these rivers, like the Teosta and the Coosy, with a com- 
paratively short course and ra]>iil fall, drain vast areas of snow-clad 
mounlaina, the highest in the world. Their floods, which are more 
distinctly aflTected by the melting of the snow, carry with them an 
excei>tionally large amount of detritus from the lulls, which chokes 
their beds and results in spreading them laterally over a wide exrcot 
of country. To carry a railway over the Coosy, wouhl, I have 
heanl, rcijuire some twelve miles of bridging. 

Further to the eastwai-d are the fertile districts of Assam ami 
Cachar, which for many years to come must be severe<i from ihe 
railway system of the rest of India by the great Bi-ahmapootra river. 
With the hills in close proximity on either side, and with a very 
heavy rainfall, the rivers of these districts are numerous ami for- 
midable; the plains are covered with a network of creeks and water- 
courses, which make it a very amphibious sort of country id the 
rainy season. Sh()uld it become necessary in the future to canr 
land communications aci'oss the CJanges or Brahmapootra rivers in 
Lower Bengal, the question will arise whether tunnelling may nol 
bo cheaper than bridging. In the ease of a tunnel, a great portion, if 
not the whole length, would have to be made through jwrraesHe 
strata. Any permanent striicture for crossing these rivers involves 
the necessity for fixing and controlling its course at the site of the 
structure. Although not imjtossible, this might prove a costiy 
unileitaking, and it therefore seems probable that the present 
system of working the railway tiTiffic iicross the lower reaches of the 
Ganges and the Brahraajmotra by feiTies must continue. 



I 



Flood Openings. 

Having thus, in a very imperfect and cursory manner, recalled the 
general features of the rivers and inundations in the Bengal 
Presidency, I will proceed to make some observations on the various 
types of bridges adopted to eifoct railway communication, Excell^ 
ing the objection to the use of timber on account of its liability to 
decay in the Indian climate, there is nothing special that I am aware 
of in the sujierstrnctiu^es of Indian bridges ; my remarks, therefore, 
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will treat rather of the contlitions affecting the stability of the piers 
an<I abutments, and I will in the first instance deal with the subject 
of flood openings. 

It was not to be expected that railway engineers, fresh fi-om 
Englanil, where a moderate rainfall over comparatively restricted 
areas with a short course limits the volume and force of the floods, 
and where, as a rule, a good foundation can be secured, should at 
once realize the conditions of the problem before them in providing 
for the draiui^e of such a country as India. 

The floods that previous to the throwing up of a railway embank- 
ment passed with an almost imperceptible flow over a wide expanse 
of level country are checked by such an embankment, and have to 
l>e concentrated at the loiveat depression, where a suHicient area of 
waterway has to be provided to give vent to floods that were pre- 
viously diffused over miles of country. The result is that in high 
inundations the strain caused by the concentrated cuireut witli a 
considerable afflux on the upper side of those flood openings is very 
severe, and there is developed a tendency to scour out channels at 
such openings, which was not foreseen by the engineers. 

On the Eastern Bengal liailway, which was commenced in 185S, 
in a district where no roads excepting fair weather tracks existed, 
and no previous experience was available, it was sn|>jJOserl that a 
good foundation coidd be secured by cast iron cylimlrical aci-ew 
piles sunk to a depth of '20 feet ; the amoimt of waterway provided 
was <letcrmined on insufhcient data, and in many cases has proved 
to have been quite inadequate, and the abutments or retaining walls 
at the ends of the viaducts were founded a few feet only l>elow the 
ground level. 

In 1867, a flood oi)ening of three spans of 30 feet, near Bugoolah, 
at 61 miles from Calcutta, was damaged by a flood which scoured a 
depth of seven feet, and undermined the south abutment. 

The sti ucture was then lengthened Ijy four additional sjians, making 
a total length of 210 feet. In 1871, the flood spill from the Ganges, 
obstructed by the railway embankment, iflse to an extraordinaiy 
height, and in a few days swept the whole bridge away, and scoiired 
a hole 1000 feet wide, and 90 feet deeji below ground level, as 
shown on FlaU II., Fiy. 1. 

To increase the waterway two flood openings of 250 feet each, one 
on each side of the gap, were built ; these consisted of 35-feet spans 
carried on brick piers, and were properly flooreil with a thjcktics.s of 
1:2 inches of concrete for a width of 75 feet, to protect them from 



I 



230 

scour. A sclid ctnhankment wa» thrown across the gap on the site 
of the original screw pile bridge, and the railway was restored 
oil its original alignment ; .1 wide channel, [larallel to the railway, 
was also cut through high ground on the west side of the line w 
give an outlet for the floofl wat«r to the south. With this larpe 
increase of waterway and these precautions the line waa considereii 

In 1879, another high flood topjwd the railway embankment a de|Mli 
of six or eight inches for a distance of three miles south of Bngoolah, 
and scoured a deeji hole at the down stream side of the soiitli 
bridge at 61 miles, but fortiinately the flood subsideil without 
further damage. The part of the railway that had lieen overtopiied 
was raised thrcfi feet, and the south biidge protecteil by filling in the 
scour outside the drop wall of the flooring for a breadth of 3" fm, 
and laying on top of the berm so formed a rubble stone iiiffiu 
three feet thick of the same width, at the level of the flooring of the 
bridge. 

After an interval of six years, in 188">, another extraordimrv 
flood overtopped the line at Bugoolah, and for two miles north, and 
the line was breached in two places for a total width of 680 feel- 
The floored bridges stood the rush of the water with an afllnx of 
19 inches uninjured, but the rubble stone at the south bridge 
dropi>ed down ; this was restored and made up to an uniform sli>|>f- 
As the waterway was still evidently insuflicient, twii new bridges "f 
400 feet, and one of 200 feet in length, were built between the 5oih 
and rtOth miles. 

With this additional waterway it was hoi)ed that the line woidd 
be Rife, but in 1890 the floods again overtopfied the line by five inthe;. 
though the head of water was i-educeil from 19 inches to 12 inches, 
and consequeuth the current was not so strong. One of the new 
bridges vr.us diraiged bj an edd)-, caused by the lateral flow of the 
water ruuiul the end of a training emltankraent on the u]^sll*»lll 
side, nhich undeimmed the flooring and caused two of the piers lu 
5,ant upstieim, howe\ei, the mischief was checked by throwing^ 
f w t k lodil of rubble stone into the hole. At the south bridsf. 
t 61 n I 1 ere the current wiia strongest, the stone apron stocxl 

11 the t r lp,e only dropping away. 

He let ! f, e a very imperfect sketch of the struggle that has 
t 1 n t el with the flotMl spill of the Ganges, at one place 

I o t of n where the Eastern Bengal Railway has sustained 

1 n a^ 1 J tl o crflow of that ri»-er. At ])rcseut I believe that all 
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of the impoi'taDt flood openings on that line are protected by a floor- 
ing either of concrete, brickwork, or rubble atone. But whenever 
an jtiundatioii is threatened the engineering statf has to be on the 
alert ; all weak ]X)ints are anxiously watched night and day, and the 
apiicarance of the turbid flood-water from point to ](oiiit is i-ejHjrteil 
hourly by telegraph. Trains loaded with riibble stone and toolics 
are ready to proceed to fortify and protect any structure that may 
be attacked, aiid in danger of being undersecured. 

On such an occasion the whole country is a wild waste of watci's 
15 to '20 feet deep; the villages on the higher grounds formint^ 
islands cut otf from all communication excepting by boats. The 
raiiwaj" is only visible by the difference of level of the water rippling 
over the rails, and washing away the ballast, or on higher paits of 
the line the top of the embankment, thronged with c;ittlo and 
villagers taking refuge, may be seen, while the girders of a flood- 
o[>ening with a ballast train standing in the water, appear as it were 
in the middle of an inland sea. At such a period it requires an 
engineer who knows every yard of the line, and whose exjierieiiced 
eye, as he trollies along the line, can detect indications of mischief 
in the treacherous eddy or incipient washing away of the ballast, or 
the discoloration of the water at the abutment oi a bridge, to direct 
the opei'ations of the material train and avert danger. And these 
duties have to be performed at the most trying season of the j'ear, 
when the heat and glare of the sun reflected from thu water soon 
knock the toughest constitution out of time. 

I liave seen s]>ans of 30 feet wide completely choked by flouting 
islands of grass and weeds, and with a strong stream it was no easy 
matter to dear the constantly accumulating obstruction, especially 
as not a few cobras and other vermin had taken refuge in the drift 
weed and bushes. 

Where the height of an inundation is 15 or 20 feet above the 
luvel of the plain, it does seem extraordinary that the flood, having 
once effected a breach in the railway, should excavate a hole over 
100 feet below the level of the flood surface, instead of confining 
itself to getting relief by cutting away a few miles of the embank- 
ment, which it could easily do. I believe, however, that such deep 
holes are the result I'ather of the boring action of the eddies, caused 
by the flow of water from varioiis dii'ections converging on the 
breach, than of the direct scouiing action of the current throi^h 
the opening, and it is probable that beyond a ceitain depth such 
lioles are not eflective to help the discharge of the flood water. 
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The boring action of an eddy is a very remarkaUe phei 
I have Been a hole of ISO feet deep scoured out at the end of a sume 
6pur by an eddy, where the direct scour along the face of the spur 
was less than half that amount We have seen how, in 1890, one uf 
the new E;istern Bengal flooil openings was damaged on the a^ 
stream side hy an eddy caused by the lateral flow of the current, 
and my experience of flood damage to bridges is that in nine cases 
out of t«n the mischief is the result of the boring action of oldy 
water. 

These considemtions show how im]>ort;int it is in designing flood 
oiwnings to guide the converging flow of the water by easy ciin'es 
through the opening, without requiring it to take any suddon bends, 
or opposing any unnecessary obstacles to excite eddies. 

It is remarkable that every severe Hood has a character of its own, 
and dilTurs from [)reccding floods in ilirection, level, and diiratlun, so 
that is is impossible to predicate the locality and nature of the 
danger to bo encountered. 

On the North Western Railway the usual ty|>e of flood opeiiir.| 
was originally 40 feet span girders on piers, consisting of a cou|jle >>f 
wells nine feet diameter sunk 40 feet below ground level, but it «4^ 
soon found that such a depth of foundation was no gooil to prevenl 
failure from scour, and a trench about 10 feet deep and wide, filled 
with rubble stone, was made the whole length of the flood ojwiiing. 
A hole 60 feet deep was scoured out just below some of the flood 
o|)cnings. The width of these holes was double the width of the 
flood openiug.s, and the stufl' scoured was deiwsited on the edge of 
the hole. The latest type of flood opening on the N.W. Kailivay 
consists of 40 feet span girders on wells or blocks only 12 feet deep, 
but the whole area of the flootl opeiung pitched with rubble for the 
full width of the embankment. 

The citst^iron screw pile viaducts, if protected by a proper flooring 
from scour, are a very good type of flood opening, and If the ends 
of the embankments are formed conical, aud protected by stone 
pitching or concrete, no brickwork is reijuii-ed, which in somu 
districts, where bricks or bricklayers are not locally available, may 
i-csuh in saving a working season. 

On the whole, the best and moat economical type of flood oj<etiing 
for the plaiiL'^, accoixling to my experience, is a stmcture with girder 
spans of suitable width carried well above the pi'obable highest flood 
level, as affected by the i-ailway embankment (this it will bo 
remembered may be higher th^u the flood level before the throniiij; 
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up of tlie bank) on brick piers, founded at as low a level as possible 
without well-sinking, tbe foundations depending on a sufficient 
extent of base for their stability, and protected from under-acour by 
flooring the entire area of the flood opening for the full width, or 
nearly so, of the embankment by a platform of concrete, laid a few 
feet above the level of the pier foundations. The outer edges of 
the concrete flooring should rest upon curtain or drop-wails of brick- 
work or concrete founded at the same level or rather lower than 
the piers. 

In such a flood oi«uing, without going to any extraordinary 
depth, the flooring platform should be laid at a lower levol than tbe 
surface of the ground, which on each side of the opening should be 
excavated to form a gradual incline down to tbe platform. 

The best termination of a flood opening is one of the ordinary 
piers with the embankment thrown up round it, in the form of a 
cone, the conical end of the bank being protected by stone pitching, 
or a layer of concrete like the flooring. 

It is not necessary that the concrete flooring should be of any 
considerable thickness, 15 inches, or even 12 inches, if well laid, is 
sufRcient, as it is a mere skin to protect the earth erosion. 

Where there is no well defined channel, curved training embank- 
ments, forming a sort of trumpet or bell mouth to the opening, should 
be thrown up to check the lateral currents and to guide tbe stream, 
and cause it to flow in a direction normal to the flood opening. 
Similar training embankments are rcquii-ed on the down-stream 
side, to prevent tbe formation of eddies that might cut back into the 
embankment. The length of such training embankments, both 
above and below bridge, as well as their direction, must depend upon 
circumstances. They should be above the flood level where they 
abut on the railway embankment at the end of the viaduct; in fact, 
the outer slope of the training embankment should be in line with 
the end of the viaduct. The to^] of the training emlmnkment 
should be inclined, gradually sloping down from the viaduct until it 
merges in the plain. This formation, if the training embankments 
are of sufficient length, allows the converging flood watera to flow 
through the flood opening without giving rise to eddies. For want 
of such training embankments, I have known an instance where the 
brick piers of a bridge weie taken in flank by a high flood flowing 
parallel with the railway and thrown over by its momentum. 

Instea<l of terminating the viaduct by coning tbe ends of the 
embankment and protecting them by concrete, the more usual plan 
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is to cut the embankment square olT by a brick abutment with 
b;itt«riug wing walls, and this plan gives the greatest sectional area 
of waterway for a given length of superstructure, or tlie wing walls 
may be made with a convex curve in plan, so as to give a sort of 
trum]}et or hell mouth to the opening. The exact mode of treating 
the ends of the flood opening is not a matter of much importance, 
provideil the whole of tho wetted perimeter of the oiwning, whatever 
shape it may be, is protected by brickwork, concrete, or stone- 
pitching, and that no salient angles are opiiosol to the smooth flow 
of the stream. 

It is, however, impossible to avoid so 
stream side in the wake of each pier, : 
general roiling action of the water ii 
certjiin to esit away the earth adjoinin 

stream side of the opening. To obviate this, the earth beyond the 
curtain or drop-wall should be excavated for a depth of three or 
four feet and a breadth of 20 to 30 feet, and replaced by heavy 
rubble-stone or random concrete blocks. If, as probably will l>e the 
case, the earth is scoured away and a hole formed, beyond the rubble 
stone so deposite<l, it will roll down, and gnirlually a<ljust itself Ui 
a condition of stable equilibrium, care being taken to refill any 
places where the wa.shing away of the rubble-stone or concrete 
blocks may have left the curtain or drop-wall exixised, 

Where a flood 0[)ening is subject t« a How in both directions, 
acting both as inlet and outlet, the stone or concrete block protection 
may be required at both the curtain or di-op-walls. 

It might be supposed that the rubble-stone apron should he 
sntlicient to protect the edge of the concrete flooring, and that the 
curtjiin or drop-wall is unnecessary. In verj' strong soil this might 
be the case, but in the ordinary alluvium the curtain walls are 
required, their function being to act as water-tight diaphragms to 
prevent the formation of land springs l)eneath the foundations, 
which might gi-ailually undermine the flooring or even the piers of 
the bridge. 

Floored flood openings, |>roperiy designed and constructed, are 
practically indestructible while the railway embankments stjind, 
and proi'ide<l the spans are wide enough and of sufficient headway 
not to get choked with floating jungle or wreckage. In certain 
c^eb in high embankments, where, owing to back waters or other 
uiusn, Hoods of great depth occur at rare intervals, it may be 
i.x|K.dient to Lover the HikhI openings with brick arches, with a ^'ooii 
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height of emttankment over them ; Buch openings, if properly floored, 
will not suffer damage through being submerged. 

The Kurnowtie culvert {Plak II,, Fig. 2), on the East Indian 
Railway, a short distance jibove Mirzapore, is an arched bridge of 
2(1 feet span in an emhankment 40 feet high, and may be quoted as 
an example of a flood opening that baa been severely tested by 
floods in both directions. This culvert admits the flood spill of 
the Kurnowtie river to a large valley of dcpi'ession between it and 
the Ganges, and on the subsidence of the river passes a portion of it 
back again. The drawing shows the ponds that have been scoured 
out on both sides of the embankment. It will be observed that the 
bridge foTindatious are many feet above the flood excavations. The 
bridge is no doubt much too small for the work it has to do, but the 
fact that it stands shows the perfect security of a well-built floored 
structure. 

For small bridges, inverted arches are frequently used between 
the abutments, but I prefer a plain flooring of conci-ete. The soil in 
Bengal is more or less compressible, and the seat of a heavy embank- 
ment may sink gradually to the extent of five per cent, of its height. 
In building the abutments and wing walls of a bridge the earth 
should be filled in and rammed solid as the work progresses, but in 
spite of this, in the cikse of arched bridges it sometimes hap{>ens, 
owing to the pressure of the bank at the bridge site being less than 
on either side, that a longitudinal crack occurs in the crown of the 
arch. To allow for the settlement of a heavy embankment, it is 
necessary to build long-barrelled ciUverts with a considerable camber, 
making the arch at the centre of the embankment higher than at the 
en<ls, so that the settlement may bring it level. When once the 
settlement has taken place, any cracks that may have shown can be 
repaired, and no further danii^e occurs. These are minor points of 
practical detail, perhaps hardly worth referring to, but they may be 
useful to those who have to carry out work in Bengal. 



Bridgks Over Hivkus. 



I shall now proceed to make some ol>servations on bridges over 
ri^'ers, as distinguished from bridgc-s over flood-spills or drainage 
waterways. Where a river has a rocky bed, on which it is possible 
to found the abutments and piers without great expense, i.bci'e is no 
risk of ficttlumcut, and in such cases a careful investigation would 
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probably show that an arched structure of masonry or brick would 
be the moat economical, as it certainly would be the most durable 
and convenient. 

There can, iti fact, be no comparison between the beauty Mii 
repose of a masonry arch, and a noisy rattling iivin giriler, 
constantly giving trouble by its expansion and contraction, difficulty 
of securing the permanent way, and liability to ileterioi-ate bj 
corrosion. 

There arc numerous beautiful masonry arched bridges on the 
East Indian Railway, which have never cost a sixpence for rejiain 
since they were built. 

The expedition and facility of erecting ginler bridges, however, 
and the convenience of uniform types, leads to their use in many 
caaes where a more deliberate mode of procedure would result in llie 
adoption of the more permanent and economical masonry arch for 
the siijierstructure. 

Where the height of the piers is extraordinary, advantage may be 
taken of the absolute stability of rock foundations to adopt girders 
continuous over two or more spans, by which a considerable saving 
of material can be effected, and which can be built on one side of 
the river and rolled over the piers into position. I ought, however, 
to mention that the practice of making girders continuous over tvu 
or more spans is seldom adopted in India, the only instances of 
which I am aware being on the Oude and Kohiikund liaiiivaj-, in the 
bridges over the Ganges, at Rajghat and Cawujiore, and I think in 
the bridge over the Suie river. Continuous girders, combining a 
saving of material and in the cost of erection, ought to be adojiUiI 
for all moderate spans where the foundations are undeniable. The 
want of confidence in them is proliably due to the vague ideit that 
piei's foimded in sand or silt must alwin's be liable to settlement 
which might cripple or destroy the girders, and where the Iwrings 
show a great or unproved dojith of saiul or silt it is generdly 
considered safer to adopt an ordinary girder bridge. Of course, the 
same objection applies to arched viaducts; the settlement of one pier 
involves the failnre of at least two arches. 



Briduks in the Plains. 



6Ue and Walerivay.—A. principal object of railways being directneM 
of route, there is seldom much choice with respect to site for 
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bridging rivers. Generally Rpeaking, the best reaches of the rivor, 
i.e., where the main chiinnel is most permiuient and most frequently 
c-oncentrjitcd into a single stream, have heen selected for the ferries 
or boat bridges on the oUl road routes, consequently the railway 
biidges are often located near these ohl crossings. For the sake of 
minimizing the cost of the bridge and ]»rotective works, large bridges 
are locjitcd as nearly at right angles to the general direction of the 
rii'er as possible. 

The problem of determining the waterway to be given to a bridge 
by calculating the area of the basin drained, and the fall of the river 
beil, is one that I never had occasion to attemjd practically. The 
rivers of Lower Bengal, such as the Hooghly, Echamnttee, Koomar, 
Gorai, Chundanah rivers, act principally as spill channels for the 
<iverflow of the Ganges, and therefore admit of no such calculation. 
In ordinary circumstances, however, the contour levels necessary to 
calculate the area of the basin do not exist, and the problem is so 
complicated by variations in the average inclination of the land, and 
in the fall o^ the river channel, as aflected by the scour of its bed, 
also in the quantity of spill into adjacent depressions, and 
retardations of momentum, caused by bends and elbows in the course 
of the river, to say nothing of the soil, tillage, conditions as to 
saturation, and eva|>oi-.ition, all of which affect the discharge, that 
any attempt to co-relate the drainage area with the maximum flood 
discharge can lead to no reliable result. The t«ndency of all 
empirical rules for calcidating the flood discharge of rivers is to en- 
so very much on the safe side, that a dependence on them must 
inevitably tend to the affording of an extravagant amount of 
waterway. 

In practice it is very difficult to lay down any general jjrinciple for 
the determination of the width of the waterway to lie given. The 
first object of every engineer is, of course, the stability i>f his work, 
but in every branch of engineering the desire to be on the safe side 
may be productive of extravagance. Eii'ers have to .succumb lo the 
control of natural got^e-s, of which I need not quote instances, and 
although engincei-s cannot rival the works of nature, I think it may 
be affirmed that engineering experience in India has solved tlie 
problem of making the piers and abutments of bridges equal to 
sustaining uninjured the heaviest floods. We have seen that the 
mere surface breadth of many rivers in flood has no diiect relation 
to the quantity of water passing a given site. The floo<ls also in 
Upper India are of comparatively short duration. There seems. 
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therefore, no reason for making a bridge wider than ia necessary for 
dischai^tng the net quantity of water [>assing the site. This wonld 
be very much less than most of the large bridges now existiDg, 
notw1thstan<ling that more than one of thcra have alreuJy been 
considerably shortened. 

It is very rarely in the plains that a river flows in a compact 
channel between welklefined banks ; generally we are obliged to be 
content with u [)ermanent bank on one side, and low ground with 
shelving banks on the other. In dealing with a '* kader " valley 
many miles wide, it is o'ident we can only use one of the permanent 
banks as an abutment, and it may hapjien that we cannot aval 
ourselves of either. On the high bank the abutment may Ije slightly 
retired behind the line of the river frontage, Init on the low side the 
location of the abutment is a more difficult matter to decide. In 
some cases where the conditions appear to be permanent or can be 
fixeii at a moderate cost, the bridge over the main stream is supple- 
mented by a less expensive viaduct over the low ground on the 
shelving side, as at the Dufferin bridge over the Ganges, at Benares 
and at the Gorai river bridge on the Eastern Bengal Railway iPlalr 
III., Fiffif. 1 and 2). Every bridge site has its special and peculiar 
features involving suitable treatment, but it api>ear8 to nie that the 
security of the abutments and the cost of protective works are the 
most im]K>rtant considerations in determining the minimum width 
of waterway to be gii'en, the jiiers being founded at such a depth 
as to permit the river to adjust its sectional area to the dischai^'e 
by scouring away its bed without endangering their stability. 

It may be objected that to effect any considerable contraction of 
the waterway would, in many case?, involve training works abort 
bridge, the cost of which would be greater than the saving due to 
the shortening of the bridge. \Vhere the abutment or abutmenlf 
of a bridge are in low inundated ground, training embatikiuent*, 
such as those described in my observations on flood openings, tn 
prevent the formation of lateral currents and to guide the stream in 
a direction normal to the briilge, are necessary ; these embankments 
require to be very strong, and should be pitchetl with stone and 
with a rnbbte-stone apron, but they need not be very long. The 
utility of the more remote tminiiig works, embankments, and spurs 
of earthwork, brushwood, and stone is not so certain. It may "O 
doubt be objected that in the absence of such training wurks to 
bring all the channels of the kader valley under the bridge, the 
river or a branch of it may impinge on the embankment at- some 
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point of the kflder valley remote from the hriilge, and if it tops the 
embanlcment the line may be brcacjied ; even if the flood does not 
rise above the level of the emltankment, its momentum where it 
impinges on the embankment being checked, is expended in forming 
diingerous eddies, which take effect in boring out deep holes, before 
the stream acquires a new direction parallel with the embankment, 
and until it finds a vent by the bridge; tliia may necessitate the pro- 
tection of a great length of embankment from under-scour, and for 
this reason it is generally considered necessary to construct training 
works to concentrate the flow of the flood in the direction of the 
bridge. It is, however, difticuit to make good the defence of 
extensive and remote training works ; they may be outflanked, an<l 
then the strain may come on the railway embankment. However 
that may be, the limitation of the waterway to that required for the 
direct discharge of the floods must favour the ultimate formation of 
a deep and well-dcflned channel in the direct course of the river, 
and thereby have a beneficial effect in establishing a [wrmanent 
regime of the river at the site of the bridge. 

In crossing many of the large biidges in Upper India, one is struck 
by the fact that while the water may be rushing through some 
openings at a high velocity, at othere, if flowing at all, it is moving 
only, at a very gentle rate, and in such cases it is, at least, a fair 
question, whether some of the waterway is not superfluous. If we 
can guarantee the stiibility of our work, it iloes not seem necessary 
to aflford the river a wide range over which to select its |>oint of 
attack. If anything approiching the full waterway is to be given to 
these erratic rivers, it is better to treat them as floofl oiienings and 
make a floored platform bridge, and thus save the expense of deegi 
foundations. 

In submitting these views on the extremely difiicult question of 
waterway, the point for which I contend is that considering the 
absolute stability of bridge construction with the deep foundations 
now adopted, we are warranted in taking credit for a considerable 
increase to the waterway by scour, and that in determining the 
waterway, allowance should be made for such potential addition to 
the flood discharge. In <lrawing attention to this phase of the 
question, it is necessary to repeat that the infinite variety of 
conditions affecting bridge sites makes evei'y case a special stu<ly, 
and that no general rules of nnivei'sal ap()lication can be laid ilonn. 

As in the question of waterway, so with i-cspect to the width of 
spans and the desigrt of the abutments and piers, and depth of 
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found ati on R ; the circumstances and conditions of every bridge of 

importance .ire so »|)cml nnd [leculiar, ihat it is iin]K)ssible to frame 
rules of iiniver.sjl n,|i|)licution. 1, therefore, propose to give a brief. 
and I fear a very im[)erfect, review of what has been done, tnisUng 
that such a review may be of some assistance in the investigation of 
tbe principles aflecting the economi' of bridge constrnction. 

The earlier bridges of any magnitude built over rivers with 
aihivial beds were those built in 1 S60, over tbe Tapti anil Nerbiulda, 
on tbe B.B. ami t'.I. Kailway, the piers of which consisted of cast 
iron cylindrical screw piles, screivcd to a depth of 20 feet, carrying 
fiO feet Warren giitiers. The Tapti bridge, I believe, is still 
standing, but gives trouble thniugh the corrosion of the ironwork nf 
the piere in the brackish tidal water. The Nerbuddfi bridge, after 
i-eiMjated failure of the piers from flood scour, was replaced in 1881 
by a stnicture generally similar to tbe Gorai bridge, as shown ia 
Piatt III., Fit/. 2. consisting of 183 feet sjians, carried on piers of two 
iron cylinders, sunk to a depth of 76 feet below low water. The 
total length of the Nerbiidda bridge is 4,6B8 feet, and the cost 
3rj lakba of rupees. 

In 1S61 the Ea.stern Bengal Radwaj bridges over the Echamiitlee 
and Koomar rivers, consisting of 80 feet span plate-iron girders on 
piers of double cast iron cylinflers, eight feet diameter, sunk by the 
pneumatic ]>roeess to a. depth of about -10 feet below low water, were 
erected. There has been some 20 feet of scour at tbe Echamiittee 
bridge witbont affecting the stability of the structure. I may obscne 
that in using the jineumatic process for cylinder sinking, the air 
pressure is that rcfjuired to overcome the bead of water in the rivers, 
and the cj'linilers have to be strong enough to sustain the inienwl 
pressure. The plant is expensive, and the heat caused by com- 
pr'essing the air is very trying in the climate of India. Genenillv 
sjieaking, cylinders or wells can be sunk by open dredging, but 
when com[>act clay or other strata that cannot be dredged have to 
be jNissed through, it is [xissible to lower the level of the water in 
the cylinder to some extent with safety by pumping, so that divers 
working in tbe diving dress have not to l)ear so miich air pressure iis 
if the pneumatic process were adopted. For these reasons the 
pneumatic process has not been much used in Kcngal. 

The adoption of iron cylinders for these earlier bridges facilitated 
the erection of the piers in rivera which carry a considerable de|ith 
of water at all scjisons, and the great convenience of iron cylinders 
or caissons in this respect has led to their coiitimied use in such 
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cases, 03 at the Benares DufTerm bridge, where iron caissons were 
used for the lower portion of the piera that hail to be pitched in 
water, and at the Gorai bridge, where iron cylinders were used 
throughout. In Upper India it is generally jiossible to pitch the 
brick cylinders on the dry boti of the river in the cold season, or to 
form islands for pitching them in the shallow dry season channels. 

The first great typical bridge in India was the East Indian Railway 
bridge over the Sone river, completed in 1863. The total length is 
4,731 feet, consisting of 28 deck sjmns of 162 feet centre to centre 
of piers, which are 12 feet thick, carried on three brick wells of 18 
feet diameter in line, sunk to a depth of 33 feet below low water 
into a bed of stiff yellow clay. There has hitherto been no difficulty 
in limiting the scour by depositing rubble-stone round the piers from 
time to time as rccjuired. 

Accoiding to the original design, each pier 60 feet long was to 
havo been foundeil on 12 brick wells, of 10 feet in diameter ; ranged 
in two rows of 5, with a central well at each end of the pier. One 
pier was finished on this plan, but the design was then altered by 
the adoption of three wells of 18 feet diameter. The area of the 10 
wells which re;illy carried the pier was 735 feet super, with an 
aggregate circumferential measurement of 314 feet. The area of the 
three 18 feet wells was 7G3 feet, with an aggregate circumference of 
170 feet. As the resistance to sinking is in ' pro|K)rtion to the 
aggregate circumference, the su|jerioiity of the three 18 feet wells to 
the 12 wells of 10 feet diameter is evident. This bridge has been 
completed for double line of rails — the cost is stated at lis. 33 lakhs, 
but I am not (|uito sure whether this includes the ginlers for the 
seconil line of rails. 

With piers founded at a greater depth, it is probable that the 
waterway at this bridge might have been safety reduced to a 
considerable extent. 

The bridge over the Tonse river, wjth seven sjHins of 163 feet 
centre to centre of piers, cari'ied on group well piers, sunk to about 
15 feet into the river bed, was finished in 1864. This bridge does 
not appear to have given trouble by scour. The girders are deck 
spans with, as in the case of the Sone bridge, a roadway below. In 
1875, an extraordinary flood rose half-way up the girders to within 
10 feet of the rails. The lattice girders got choked with drift jungle, 
but no damage was sustained— the Hood level, in this instance, 
appears to have been aggravated by a siraultiineous Ganges Hood 
damming up the mouth of the Tonse river. 
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The Allahabad Jiimna bridge finished in 1865, has 14 deck sjians 
(with roadway below) of 200 feet each, the piers foiinded on gronj* 
of 12 brick wells l:i feet 6 inches diameter, giving a bearing surfaw 
of 1716 feet super, with an aggregate cii'cum fere nee of 509 feet, 
sunk to a depth of 42 feet below the water ; total length of bridge, 
3,235 feet. During the sinking of the up stream well at pier No. 
11, it was thrown over by a fioo<l. The fallen well was incorjKirateil 
with the pier, and the whole |)rotected fiora seonr by rubble-etone. 
At this bridge there is no coiisiderabie amoiiiit of sconr, a few liails 
of stone thrown in as occasion demands limit the erosion of the river 
bed. The cost of this bridge was Rs, 44i lakhs, or lis. 1,374 [ler 
foot run. The girders arc for single line only. 

Then followed the Delhi Jumna bridge, of 12 deck spans of 2111 
feet with roadway below, carried on piers founded on groups of 10 
brick wells, 12 feet diameter, giving a bearing snrfaee of l.lSl 
feet super, with aggregate circumference of 377 feet ; tol»l 
length of bridge, '^,640 feet. The 10 wells of each pier are 
arranged in two rows of four, with a central well at each end. 
The two abutments and piers No. I and 2, at the west cwl, 
are founded on the rock which crops up at Delhi ; the other 
pier wells are sunk to a depth of about 40 feet below low irater 
into a bed of stitT clay. There is no trouble from scour at this 
bridge, although, owing to the configuration of the rocky promontorj' 
on the right bank, the .ilream seldom is normal to the bri<ige. The 
bridge is for single line, and cost Us. 16J lakhs or Rs. 629 per foW. 
All of these bridges are on groiijwd well piers, and are foitiinaW in 
resting on good solid clay beds. The channels of the rivers are fairly 
well defiiio{i, and excepting the obstruction of the piers, there is no con- 
traction of the waterway, and consetjnently scour iscasily controlled. 

We come now to the Punjab and Delhi liailway bridges over the 
Jumna, Bea.s, and Sutlej, which were finished in 1869, I regret I 
am imahle to gi\e a complete account of these bridges, as it would 
be very instrwetivc. The sui)erstructure of all those bridges conrisls 
of deck spans of 110 feet, centre to centre of piers, earned on single 
well piers 12i feet in diameter, giving an area of 123 feet siiiwr, 
with a circumference of 39^ feet. The wells are sunk to ileptia 
varying from 40 to 50 feet; about the same depth as the East 
Indian Railway bridges, but withotit meeting with any clay l)ed. 
The Punjab rivers flowing in ill defined and unsUihle channels in 
broad kader valleys, are also (juito different in character from the 
rivei-8 crossed by East Indian Railway bridges. 
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The length of the Jumna bridge is 2,664 feet, cont Rb. 15J 
lakha or Ra. 500 per foot; the length of the Beas bridge is .'i,820 
feet, cost Ra. 36 lakha or Es. 600 per foot run ; and the Sutlej 
bridge, after the removal of 12 spanB, is 5,193 feet long, cost 
Ii«, 33J lakhs, or about Rs. 600 per foot run. If I remember 
rightly after the Sutlej bridge was jxirtly finished, the river 
altered its course and left the finished bridge high and dry, 
the bridge was then extended by 28 spans at the south end, to 
include the new channel of the river. In the first heavy flood 
which occurred in 1871, after the cnmplation of these bridges, each 
of them was more or less dami^;ed by under-scoiir of the piers and 
abutments. So unforeseen was the disaster, that at the Beas bridge 
a passenger train dropped through the broken bridge into the river. 
The failure of these bridges so sodii after their completion caused 
great constei-nation, and it was at one time supposed that the piers 
would have to be abandoned, and the suporstnictiire shifted to new 
piers sTink on a line parallel to the old structure. 1 regret that I 
have not at hand the |>articulars of the failure of these bridges in 
1871, or of the measures taken to restore them. It is sufficient to 
observe that the failure of the piers was caused by under-scour, and 
that the fact of their falling up stix'am shows that they were not 
forced over by the pressure of the stream ; the abutments were also 
damaged by under-scour. The damage to these bridges in 1S71, 
wi(B made good by sinking some new piers where necessary, and by 
the liberal use of rubble stone and block kunkur protection. In 
fact, it was at this time and at these bri<1ges, that the efficacy of 
loose rubble stone or bouldei-s in checking and limiting the scour 
round the piers of bridges was first brought prominently to notice. 
Large sums of money were also spent in tr'aining works above bridge 
to regidate the flow of the rivers. 

In 1876, the Sntlej bridge was again breached hy the floods. It 
appears that three or four years before that date eight or nine spans 
at the sonth, or Loodhiana, end of the bridge were ])artially blocked 
to check the set of the stream ou the left bank of the liver, anti this 
seems to have had the desireil resiilt, in so far that in the com- 
mencement of 1876 the channels were fairly thrown over towards 
the centre of the bridge. Subse<|ucntly, however, the channel 
citangetl, setting against the left bank and hugging it until it reached 
the bridge, where it was deflected, and ran along the blocked up 
ojMsnings until it reachefl the clear jMirt of the iiridge, where it set 
in full force against the first three or four piers. The lateral current 
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along the revetment of the blocked openings in swinging rounil 
under the bridge must have created formi<lahlc eildies. However, 
the sijace between pier No. 50, at the end of the blocked ojwningi, 
and pier No. 48 had been protected by some 63,000 cube feet of 
rubble stone, and as pier No. 49 was one of the deepe.st of the olii 
piers, 48 feet below low water level, no danger was apprehended. 

On 7th and 8th August, tiiere was some slight settlement of the 
nibble stone, but this was made good by throwing in a few truck laids 
of stone. Pier No. 43 was at that time enil>edded to a depth of 
36 feet. On tlic 9th, there was a sudilen settlement of the whole «f 
the stone of 12 feet, reducing the depth of the pier embed'ied to 
14 feet, and exposing over 60 feet to the force of the sti-eam. Train 
loads of heavy block kunkur, to the extent of 15,000 cube feet, wert 
thrown in around the pier as fast as possible, without however 
making any impression in reducing the depth of scour. The jaer 
I)egan to settle down, vibrating datigerously with the force of the 
stream, and canting over, until on the night of the 10th it fell over 
carrying with it two spans of girders. The force of the current Jt 
piere Nos. 47 and 48 was etiorntous, and seemed centred at [tier 
No. 48, which fell over on the afternoon of the 11th August, 
after which the flood abiitwl. 

The damage to the bridge was made good by deflecting the stream by 
three spurs alravo bridge, and silting up the site of the fallen piei^ 
Then a platform of block kunkur was made, on which piers of <M 
iron columns filled with concrete ami three spans of girders from the 
blocked openings were erected. The entire sgiace l>etween [liei^ 
47 and 50, was floored with stone and kinikur to prevent scour. 
Practically the piers are erected on a piene perdue foimdation 
The security of this mode of repairing the damage seems to depend 
a good deal on the continued eflicacy of the spurs above bridge in 
deflecting the stream, and on the forbearance of the river itself. It 
is remarkable that in the flood of 1S76, when piers 48 and 49 were 
under-scoured, the whole of the flood water was [wtssing through fi« 
spans at the north end and seven spans at the south end of the 
bridge, and through only a few of these with great violence, i/., 
12 spans only out of 50 carried the river in a high flood. 

The panic caused by the failure of the piers of the Delhi Eaitaj 
bridges in 1871, led to the appointment of a conimittec for the con- 
sidering the design of the Punjab Noithern KaiJway bridges over the 
Kavi, the Chenab, and the Jhelum, then under construction. The 
decision of the committee in the matter of the piers was to adoitt 
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triple well pturs, consisting of three 13^ feet wells Id line, sunk to a 
dojith of 75 feet below low water. 

The wells arc united above low water by corbelling to form a 
single pier. The idea that led to the adoption of the triple wells, 
apiKtrently was that the greater depth which the experience of the 
Delhi liailway bridges had shown might possibly be laid bare by 
Mour, required increased support to sustain the pressure of the 
floods, and that this could best be afforded without decreasing the 
waterway by using three wells in line. The fact, however, is that 
at the Delhi Hallway bridges, the piere faileil not by yielding to the 
pressure of the stream, but through the wells being undermined by 
scour under the up stream side, and falling over against the stream. 
Thus the committee failed to realize what, in my opinion, is the only 
good feature of the Delhi Railway bridges, viz : the single well 
piers. The ti'iple wells which cannot be sunk close together, and 
arc only united above low water level, are not nearly so stable as a 
single well of the same area (21 '66) diameter, while they have 74 
per cent, more aggregate circumference or resistance to sinking. 
The design of the triple wells is also ill-adapted to the Punjab 
rivers. In spite of the most perfect training, it is very rare that the 
course of the stream in these rivers is exactly normal to the bridge. 
A very slight obliquity in the direction of the current, acting on a 
triple well pier, must produce greatly incrcase<l scour, as compared 
with a single well pier, to which the direction of the stream makes 
no difference. However, the triple well piers were adopted for the 
Punjab Northern bridges, over the Ravi, the Chenab, and the 
Jhclum, and led of course to largely increased outlay. These 
bridges were finished in 1875-7S. 

liari. — The bridge over the Ravi is 3,217 feet long, in 33 spans 
of 9?jt feet^ and cost Ks. 16 lakhs, or at the rate of Rs. 450 to the 
foot run. 

Jlieliiin. — The bridge over the Jhelum is -1,875 feet long, in 50 
spans of 90 feet, and coat Rs. 17 lakhs, or Rs. 334 to the foot run. 

Chtnah. — The bridge over the Chenab is 9,088 feet long, in 64 
spans of 133 j^ feet, and cost Es. 53^ lakhs, or at the rate of Rs. 484 
to the foot run. The cost of the protective or training works at this 
bridge has been Rs. 940,336. These are on a vei'y extensive scale, 
extending fully I J miles above bridge, and some considerable distance 

An instance of the effect of a lateral current taking the triple well 
piers in flank was not long delayed. In 1874, during the con- 
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Htruction of the Choniib bridge, a quantity of material was iJeiK«it«l 
ill some of the liitishei] siians at the noilh end of the bridge, hlockJng 
these Bpaus. The main stream setting towards the north side of ihe 
river, on reaching the bridge, was detiected sotithwards, and Howed 
along the blocked openincs until it arrived at the cleai- jait of the 
bridge. The momentum which the current had acquired, exerted 
itself in scooping out a channel in the line of the bridge. Ths 
obstruction caused by the triple wells aggregating 4'2 feet in breadth, 
resulted in a deep scour, exposing a height of the wella to a fotw 
of stream that overthrew the uj>i>er two wells of throe piers. These 
wells were sunk to the full depth of 70 feet below low water. 
There is no instance on record of a single well standing by il^eif, 
sunk to such a depth, having been overthrown by scour. From this 
it may be infeired that in the case of the Chenab wells, an extra- 
ordinary depth of scour was cansed by the stream striking the triple 
well pier in Hank. 

The disiister was very similar in character to that already 
described, which occuri-ed at the Siitlej bridge in 1876. 

The length of the Chenab bridge has now been reduced from 
9,088 feet, to about 3,500 feet, by the closing of 17 si>aus on the 
right bank, and 22 spans on the left bank of river, which have been 
filled in with solid embankments. To confine the river within these 
reduced limits, training embankments extending 1,200 feet akive 
bridge on the right side, and 3,400 feet abo^'e bridge on the left 
bank, and about 500 feet below bridge on both sides, are proposed 
to t>e made. The banks are about 13 feet high, 20 feet wide at the 
top, and 90 feet at the base. The out«r slo|>e of the bank, with an 
additional width of 40 feet at the base, to be pitched with rubble 
stone about 2J feet in thickness. 

The question suggests itself, whether this bridge might have 
safely been limited to the reduced length in the lii'st instance, and 
further, assuming the stone protected training embankments In the 
immediate vicinity of the reiluced bridge to have been provideil, 
whether a gi-eat part of the outlay incuiTcd on the more remote and 
outlying ti'aining embankments and spans might not have been 
saved. Thii; is a question that it would be presumptuous to 
attempt to answer, without full Information. Evitlentlj-, however, 
if the railway embankment was strong enough to resist the floud 
spill, the river pro|jer, having no other outlet than the bridge, 
would be com[>ellcd to adopt that channel. 

I believe that the stone-protected training embankment, if located 
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so as to effect a ju'licious contraction of the watcnTay, foi-ming, ns it 
wore, It bottle neck itt the site of the bridge, arc the real abiitinontfl 
of such bridges— meiely to carry the ends of the girders a pier of 
the ordinary ty|)e is sufficient. 

The contraction of the waterway is necessaiy to steady the sti-eunk 
tlirough tlie bottle neck, and by confining it, to prevent it from 
cannoning from side to side. 

The direct scour of even a very strong stream parallel to the 
eiubiinkments will not do much dumage when once the apron pitch- 
ing stone has adju.sted itiiclf to a natural slope. The points at 
wluct these embankments are most likely to suffer damage, are the 
extremities. The common practice of forming wh:it is termed a 
"head" to such training embankments is, I believe, a mistake. From 
my o>vn experience I am of opinion that such training embaukmeiita 
should be curved back to form a trumpet mouth, and should slope 
down at the ends by a very gradual incline, and should be protected 
by a wide apron of rubble stone (Plate IV.). Tjie enda of the 
training embankments, both above and below bridge, should, in 
short, gradmdiy sink down and spread out to the level of tiie plain 
in such a manner as not to excite the fonmitiuu of eddies, but to 
let the flood glide round without feeling it. 

Alwut the same lime that the Punjab Northern bridges over the 
liavi, Chenab and Jhehim were in pi-ogress, the Oitde and li'ihilknrid 
Ilailway Com|}any were constructing bridges over the (iaiigus at 
L'awnpore, and at Rajgbat, near Aligurh. 

The Uavrnpore Ganges bridge {Plate III., Fig. 'i) hits a length of 
J,S30 feet, with 25 siwns of 100 feet, and two of 40. It was 
originally intended that the piers of this bridge should bo carried on 
two brick wells, of 10 feet only in diameter. Great difficulty was 
experienced in sinking the small 10 feet wells l>eyond a certain 
depth, and they had to be heavily weighted with rails ; a number of 
them that were partially sunk were caught by a Hnnd, under scoured, 
and fell over, the rails with which they were w-fi-'lit^'ii settling down 
iiitfj the river bed. The mistiike of multipli^ -iemII uell jiiers for 
deep foundations was then realized; the desi-n nf the \i\e,vA was 
altered to a single 18-fect well, and the centre line of the bridge was 
shifted down stream to allow some of the 10-feet wells, which were 
securely sunk to the full depth, to remain stamling, forming, as it 
were, cnt-water wells on the upstream side of the large IS-foet wells. 
The sunken rails ami the material of the overthrown 10 feet wells 
obstructed the sinking of the large wells, and in some cases rails that 
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wore found under the cutting edge of the large 18-fcet wells had to 
bo Wasted with gnncotton. Besides, a stratum of agglomemied 
kuiikur had to be passed through. However, all obstacles were 
eventually overcome, and the 18-feet wells were founded at a depth 
of 65 feet below low water, in a bed of hard claj-. 

This bridge was finished in 1875, and cost Rs. ITJ lakhs, or fo. 501 
to the fctot run. 

The design of the Rajghat tlanges bridge, 3,040 feet long, with 33 
sjums of SO feet clear, or 92J foct centre to centre of ]»iers, ciirrid 
uti single wells of 12^ feet in diameter, sunk to a de[>th of 55 fwt, 
was very similar to that of the Delhi railway bridges over the 
Jumna, Beas, and Sutlej, that had failed. When the <lisnst«r 
Occurred to those bridges, some of the 12J-feet wells at Hajgbai, 
and some of the I8-fcot wells at Cawn[)ore were sunk, and others in 
pi'Ogress. Influenced by the decision of the committee on the 
Punjab uoithem biidgcs, the Government Engineer was desirous of 
altering the designs of the Oiide and Kohilkiuid bridges from single 
to triple well piers, and revised estimates for the increased outlsy 
were subniittwl, ami received the sanction of Govenimenl. 
Fortunately, however, the confidence of the Coiniiany's engineer in 
the piers of the single well tyjic was not shaken, and owing to ikir 
persistence, these bridges wei'e completed in accoi-dance therewith, 
the only alteration being that those wells of the Itajghat bridgu, the 
sinking of which had not been commenced, were increased from 12j 
to IC feet in diameter. The Itajghat Ganges bridge was finislicd in 
1874, and cost lis. 8 lakhs, or at the rate of Ks. 227 to the foot mn 
— the chca|K'st bridge o^'cr the Ganges. 

The liamgunga liridge, near Bareilly, total length 2,260 feet, 34 
spans of 66 feet centre to centre of piers, earned on single wells, U 
to 16 feet in diameter, sunk 85 feet below low water, was finishedin 
1874, and including lis. 8 lakhs for pi otective works, cost Ms. 1 4 lakhs, 
being at the rate, for the bridge alone, of Ks. 267 to the foot run. 

The Oude and Koliilkund Ilailway Company erected two other 
bridges over the Ganges, both finished in 1887. The Duffcrin 
bridge over tho Ganges at Benares, with seven s|>ans of 35G feet 
centre to centre, carried on elliptical piers, of which Nos. 1, 2 ami 3 
are founded in hard clay at various depths, and Nos. 4, 5, 6 and 7 
are founded in satid, at a maximum deptli of 140 feet below lo* 
water, and nine spans 114 feet centre to centre on piers carried on 
double wells of 13J feet diameter, sunk to depths varying fi-om 114 
to 24 feet below low water. The total length of the bridge is 3,571 
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foet, and the cost Rs. 52 lakhs, at the rate of Ks. 1,432 per foot run ; 
the rise of river in the Hood season is 50 feet, and a maximum 
velocity of 13 miles per hour has been iecorde<l. This bridge is one 
of the most perfect spocimons of engineering work in India, and I 
regret that time does not admit of my describing its erection in 

The other is the " Balawali " Ganges bridge, near Hurdwar. It 
has eleven spans of 2fi4 feet centre to centre, totid length 2,904 feot ; 
the piers are earned on double wetis of 20 feet diameter, sunk to a 
depth of 100 feet below low water in sand. Including Rs. 6J lakhs 
for protective works, the total cost lias been lis. 27J lakhs ; the rate 
per foot run. exclusive of protective works, is Ks. 724. This is ulso a 
very fine work. Comjiaiing it, however, with the Kajghat Ganges 
bridge, it does seem that a less cx[)ensive de.^ign miglit have been 
adopted. Excluding protective works, the cast of the briilge has 
been Its. 21 lakhs. By the adoption of 18 spans of 160 feeteentre to 
centre, with piers on single wells of 20 foet diametei', the cost of the 
superstructure would have been Ks. 6J lakhs, and the cost of piers 
and abutments K~s. 7 J lakhs, total Ks. 14 lakhs, there elt'octing a 
saving of lis. 7 lakhs. 

The 160 feet spans would have lieen nearly double those of the 
liajghat bridge, and the 20 feet pier wells would have had 57 [lor 
cent, greater area, sunk to nearly double the depth to which the 
Kajghat wells have been sunk. 

It may be asked, why not revert at once to the Kajghat design, 
and efTect a still greiter saving 1 On this point I would observe that 
the wells at Kajghat, sunk only to 55 feet Iwlow low water, might, 
in the event of extraonlinary scour, be difficult to jirotect, and that 
where excessive stone protection is rcr|uired in short ajians, it 
[n-actically forma an irregular weir, tending to ilevelop dangerous 
eddies, and scoop out deep holes on the down-stream side. 

The principle of deep fonndation bridges is to give room tor depth 
of scour ; to permit of this, while allowing for a cone of rubble 
protection at each pier, the sjians should evidently not be too small. 

I have now referred to tho most ini|>oitant biidges with which I 
can claim pereonal acquaintance, though, in some instances, my 
knowledge is limited to an inspection in passing over them. 

There are numerous other imgrartant bridges, which I know only 
by report. I will not refer to the great bridges over the Indus, 
because these structures are founded on rock, and I have been 
treating more especially of bridges in the plains. The most 
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interesting bridges, from my point nf view, are Uic Empress briiigc, 
over the Sutlej, at AJamwahan, the Kaiser-i-Hind briiige, over the 
same river, at Feroaepiir, and the Sher Sliah bridge, over the Chenab, 
near Mooltan. 

The Empress bridge is 4,200 feet long, in 16 spans of 264 feet 
centre to centre of piers. This bridge was finished in 1878, and cost 
Ks. 51 lakhs, or at the rate of lis. 1,210 to the foot run, with an 
additional outlay' of Ks. SO lakhs for protective works. 

The piers are founded on triple wells, of 19 feet diameter, piUheii 
in line and sunk to tlio depth of 103 fuet bolow low water. Tlic 
aggregate area of the wells is 850 feet super, and the aggregaw 
circumference 173 feet. 

The abutments of the Empress bridge are similar in design t" 
those of the Pinijab Northern liailway bridges. They have u T 
head on well foundations jjrotecteil by rubble stone. The [leeiiliar 
feature is that one span at Citch end of the bridge, between tbe 
abutment and the nearest piei', is blocked by a rubble stone filling a 
little above low water level, extending round the pier. This stone 
embankment thus forms a spur of the length of one sjian pim one 
pier, nearly 300 feet, projecting from the abutment into the river, 
and judging from the disasters at the ujtper Sutlej and the Cbcnab 
bridges, which have been described, is just the kind of obstructiun 
to deflect the flow of the river in the direction of the bridge, causing 
eddies tliat might cniianger the other piers. I have no information 
as to the nature of the protective works on which the liea\y outlay 
of Rs. 20 lakhs was incurred at this bridge. 

The bridge over the Sutlej, near Ferozepur (Plate IV.), is i,''^^ 
feet long, and has 27 spans of 144i feet clear. The piei"s aw on 
wells, sunk to a depth of 78 feet below low water. The bridge Hi- 
finished in 1S87, at a cost of lis. 30 lakhs, or at the rate of Ks. 69^ 
to the foot run, with an additional outlay of Ks. II lakhs fur 
protective works. 

The valley of the Sullej at the site of this bridge is about five 
miles wide; the main bridge is located about a mile from the left 
bank of the valley. On the right side a bi-anch .sti-eam, calleil the 
" Dcmu " creek, takes ofi' some distance above bridge, and is crossed 
by the railway about three miles beyond the main bridge. The 
Uemu creek runs under the high bank, which apjjears to be the 
permanent boundary of the kader valley on the right. The pro- 
tective embankments between the Demu creek and the main briilge 
cover a space of about three square miles in extent. On the left 
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sule an emlMnkment of ubout three miles long extends -fi-om the 
left abutment to tlie high bank of the valley. The geueiul pliiri of 
these protective emlKinkments form a bell-moiith or funnel, with the 
objcet of guiding the main stream throiii^h the bridge. These 
embankments are of earth, and are covercil by stone-protected spurs 
or groynes, projecting obliquely into the river at intervals of about 
70U feet. 

A maximum flood does not apj)oar to liave been experienced since 
the eompletion of the bridge, but in July, IS89, the protective 
works were severely tried by a Hoo<l rising to within three feet of ii 
maximum ; on this occasion some of the spurs were destroyed, and 
tbe main protective banks were breached for about 1,200 yards on 
the right side, and about 600 yards on the left side of the river. On 
the right the flootl water seems to have forced its way through the 
protcctii'c works as far as the railway embankment, and waa finding 
its way back into the main river through an outlet in the training 
embankment near the right abutment of tlie main bridge. The 
Hood apiiarontly commenced to attack the protective works on the 
Jitb or 9th July, and did not begin to fall until tbe 14th idem. It 
was only by extraordinary exertions of the engineering staff that the 
main river was prevented from getting behind the piutective liank. 
The work of throwing in stone to resist tlie attack of the river 
commenced on the 9th, was continued day and night without inter- 
mission till the 22nd, and extensive operations wore sabaeijuently 
required to make good the damage, and protect the sand embank- 
ments from the wash of the waves, which sceuis to have been very 
destructive. 

The hand-to- band strugglu- required to hold these outlying 
protective works, and the ease with which tlie flood breached them, 
seem to indicate the desirability of confining the o|)Ci-ations to 
strengthening the railway itself where necessary, aiul to making tlie 
bottle-neck of the bridge secure by stone- protected training embank- 
ments, extending some 1,200 yards alwve bridge, and leaving the 
liver to settle its own coiu-so Ijeyond. Of course, in such a case the 
Hootl water might reach tlie railway eiubaiikment throughout the 
kader valley, and even the main channel of the river might woi'k 
its way in that direction, but it would have to return round the 
up;ter end of the stone training Itank, and it is vei'y improbable that 
any considerable sti'eam would continue to flow by sueh a circuitous 
rout« long enough to do any serious damage. The probability is 
that the flood would fill the space behind the training embankment 



with still water, whicli would quietly tlrain off round the upper end 
of it. 

In the flood of 1889 there was a scour of 35 feet maxiniuni at 
piers 1, '2 and 3, on the left bank of the river ; this still left 37 feet 
of wells ill the ground. It is remarkable that siicb a consideralib 
flood should only have affected three piers out of 26. 

It is, I ]>elieve, now intended to remove the spurs or groynes fn>m 
the protective embankments for a length of 3,500 feot above bridge 
on both sides of the river, and to fortify the outer slojws of these 
embankments by a layer of rubble-stone, with a stone apron 
extending some distance l>eyond. This will give a clean run for 
the stream through the bridge. 

The Sher Shah bridge, over the C'henab river, near Mooli*ri 
(the combined Chenab and Jhehini rivers, crosse<l by the Piinji^ 
Northern Itailway higher up), is 3,fi->0 feet long, in 17 spans "f 
200 feet clear. This bridge was finished in 1890, and cost Rs, 20} 
lakhs, or Rs, 558 to the foot nin, a rate of less than half that of 
the Empress bridge. The protective works have cost in addilion 
7i lakhs. The piera are founded on a couple of united hexa^'oiwl 
wells, forming a single block, 2Si feet by iS feet, with re-entering 
angles at the centre, somewhat like the numeral 8 in plan ; the 
area of the block is 370 feet, and its perimeter is 84 feet, .i 
circular well of 22 feet diameter would have given the same are*, 
with a circumference of 69 feet, and probably no greater resistance 
to the stream. The block wells are sunk to a depth of 75 feet 
below low water. At the site of the Sher Shah bridge the per- 
manent banks of the Chenab are only about 6,000 feet ajjart, though 
the rivei' widens considerably above.* Through the bridge the river 
is controlled by training embankments on each side, extending 3,000 
feet up-stream and 600 feet down-stream ; these embankments arc 
faced with a layer of nibble stone, and liave in a<ldition a stone 
apron ; a large quantity of stone has been deposited ronml each pier 
to limit scour. 

The success of the stone-faced training embaiikmetits in fomiing » 
bottle-nock at this bridge has been so satisfactoiy that it is 
intended to adopt this system of controlling the Chenab at the 
Punjab Northern bridge, and, as just stated, at the Ferozepur briilg« 
over the Sutlej. In my opinion, success greatly depends on limit- 
ing the waterway to what is actually necessary. It will, of course 
take time to get the stone sloi>es thoroughly atljustetl to the stream, 
and the exact length and right tlii-cction of the embiinkments raaj 
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not We hit off in the first instance. Tho ends also of these training 
liank* will require specinl study. My view is that they should 
slope down so grjdnally that it should not Im: possible to say where 
tlicy end, and that a broad apron of stone sliould l)e provided. 

At the Sher Sfaah bridge, a step in advance has no doubt be^n 
made in the matter of contraction of watei-way. The flood discharge 
of the Chenab at Sher Shah is said to !« 50 per cent, more than 
that of the Sutlej at the Empress briMge, while the waterway is 'tO 
l>er cent. less. 

I have stated my opinion that the absolute stability of the piers 
and abutments of liridges in tho plains can bo ensured by deep 
sinking of foundations, combined witli rubble stone or random 
concrete block protection. 

With resiwct to deep sinking, the most recent example is that of 
tho DufTorin bridge over tho (janges at Benares, the elliptical pici-s 
of which are sunk to a depth of 140 below low water. At the 
Balawali Ganges bridge the piers are sunk to 100 feet, aTid at the 
Empress bridge over the Sutlej at Adamwahan to 103 feet below 
low water, while there are numerous instances of sinking to depths 
of between To arul 90 feet below low water. 

The well curbs ai'e frequently made of timlicr, but iron is very 
superior, especially for forcing the well through hard strata or any 
obstnictions that may bo encountered. The vertical tic bars should 
be strong enough to anspend the curb, and at leiust one diameter of 
the well in dejith. In the event of a well canting, the tie bars 
im{iart a certain amount of tninsverse strength to sustain any 
pressure necessary to right it. The diameter of the inside of the 
well is generally half that of the outside, so that the thickness of tho 
brickwork is a quarter of the external diameter. 

A sniailer hole in the middle wouM give more dead weight, which 
is an advantage, but in case of a deep well getting out of upright, a 
small internal diameter makes it difticutt to work the vertically 
susjMjnded dredgers. 

The resistance to sinking caused by side friction varies with the 
depth ; in brick wells it may roughly be taken at Icwt. on the total 
area embedded for every 30 feet in depth ; with iron cylinders 
it is less. 

The effective weight of a cylindrical well de|)ends on the height 
of the water inside, consequently, dewatering a well increases its 
effective weight, but this involves risk of a smlden irruption of sand 
and water from bolow, without getting any run or descent of the well. 

Generally, wells after sinking to a depth of 1^ bo 2 diameters 
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require loading to overcome side friction. The loading is UBiially 
done with rails, a very teiiious and expensive l)usinesH. 

When sunk to the full depth, the wells are sealed with a certain 
thickness of cement concrete, after which they are dewatere<I and 
hearted with ordinary lime concrete or brickwork. The staliility of 
such wells depends of course on the reactive power of the soil m 
which they stand, assisted more or less by the friction of the earth 
in which they are embedded. Iri sandy or permeable strata, about 
one-half of the wcl.^ht of the well below the water line is watcr-botiM;. 
In clay soils and impermeable strati, even II ' f certain 

amount of support from side friction, a press f 8 10 tons jier 
square foot of bise is not uncommon. This 1 e amount 

to impose on alluvial soil, but it must be m ml>e I hat the 
normal pressure of the su[>erincumbent earth an 1 t .i liepth 

of 90 feet is probably not less than 3J tons, alt th d ffereni* 
only lietween this pressure and the actual w ht th base tbl 
takes effect in tending to cause displacement of th fo It od. A 
pier cannot punch its way down without sqi n th e th from 
beneath it, and the pressure of the surroi I ng a th fiective 
in resisting such ilisplacemeiit. The side fr t n al h Ips toilis- 
tribute the pressure for a certain distance rou I th w 11 

In single well piers the limit of resistan to the h izontal 
pressure of the stream dejiends on the dead w 1 1 pi th assl't- 
ancc derived from the collateral support of the e th n which il 
may bo embedded, but is diminished to any extent that, owing to 
the |>ermeal>le nattire of the earth, the pier may be water-borne. 

In designing piers it is necessary to assign a limit to which scour 
should be restriete'i, by the use of rubble stone if necessary. 

In a river with a flood rise of 20 feet, if we limit the scour at the 
well to 40 feet below low water, the greatest ilcpth of water at tho 
well will be 60 feet. 

Assuming the maximum height of the pier to be exposed tflthe 
stream at 3 diameters of the well, this will l>e -j"- = 20 feet in 
diameter. The pier above low water may be reduced to say 14 feet 
in thickness, and may be formejl with cutwaters. As, however, the 
current may set obliquely to the pier, in considering its power ot 
resisting the horizontal pressure of the stream it is better to assume 
that the cylindrical well extends up to the highest flood level. 

If the scour is limited to leave a minimum of 2 diameters =40 
feet embedded, the total depth will be 60 + 40 = 100 feet bcln' 
flood level = 80 feet \)elow low water. 

Witli a stream of 12 miles per hour at the surface, which is a 



very high velocity, the hoiizontal pressure due to a <iepth of fiO feet 
on a 20 feet well may be taken at 50 tons, acting at a de|>t)i of 
30 feet or TO feet ahove the base. 

With 100 feet of i>ier l>elow the floo'l level, 10 feet of pier above, 
and 150 feet spans, the effective weight on the base of such a pier 
would be 1,120 tons; this is assuming that the pier is pitehed in 
sand, and is therefore partially waterborno. 

The pressTire of 60 tons at a height of 70 feet abovo the hase 
would alter the incidence of the efTective weight about 3 feet : this 
shifting of the centre of pressure might or might not be more tlian 
the earth under the Ijase of the pier could sustain. 

Assuming that the earth at the liasc of the pier is not caimbic of 
sustiiirdng the inequality of pressure causeil by the horizontal force 
of tiie stream, or taking the case of a hollow cylinder of plato iron, 
plante<t 40 feet in the river bed, subjected to a horizontal pressure of 
50 tons at a height of 70 feet above the bottom, it is evident that 
such a cylinder, having no bottom, must depend on the lateral 
sup[]ort of earth in which it is embo(idcil for stsibility. A cylinder 
under such conditions would tend to revolve aboiit a point in its 
axis a certain height above the base; roughly assuming the reilcti^■e 
power of the earth below the centre of revolution as double of that 
above, this [joint would be about 17 feet above the base, and the 
pressure on the cai-th above the centre would be half-a-ton, and 
below the centre one ton, to the sijuare foot, upon the plane of the 
diameter of the cylinder. 

These pressures are so moderate that there couid lie tio doubt alvont 
the stability of the cylinder, without reckoning on any assistmico 
from the earth beneath the base. 

I am not aware of a single instance in the case of a well that has 
C3ntc<l during sinking being righte<l, or even mo(-od in the slightest 
degree by the greatest pressure applied at the to[). It is only by 
horizontal pressure applied during sinking that wells can lie gradually 
righted. This fact confirms our confidonco in the value of the supjioi-t 
afforded by the reactive i>ower of the earth in which a cylimier is 
emlwiided, and proves the necessity of limiting the depth of scour 
so as to leave a considenible length of the well emi>edrled. 

With respect to limitation of scour by rubble stone, the Gorai 
bridge is a good insttince of what can be done in a river, 40 feet 
deep in the dry se;ison with a three mile current, and 90 feet deep 
in the flood season with a five or six miles current The scour at 
the deep channel piers of this bridge is limited to a depth of atwiut 
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■10 feet bolow low water hy an average quantity of 6,000 cubic feet 
of fitono |>cr annum. At the Xo. 5 pier, the top of the stotie h 30 
feet higher th:iM the ileepest scour between 5 am] 6 piers. This 
bridge was built before the great dejtth of scour in tndiiin rivers iras 
known. With our present exi»erience the cylinders would have been 
sunk to a grciiter depth. It is, however, satisfactory to find that it 
is possible to limit scour at the piers by a moderate expenditure for 
rubble stone. 

The flood stream in the rivers of the Punjab an-I Upper India is 
often inuuh sti-ougcr, hut it seldom affects any pier for more than a 
fortnight, ant], excepting in instances like thnt which occurred at the 
old SutJcj bridge in 1876, where, no douht, the rubble stone dTO|>|i«l 
into a deep hole, bored by the violent eddy, I am not awjirc of any 
difliculty in limiting the scour causeil by the normal action of the 
stream. 

In Ujiper Imlia, where the rivers carry but little water in the drv 
season, a thick lajcr of stone is deposited round the pier at that 
period. The flooil stream scoiu-s the sand or earth round the clgc 
of the stone, whicli rolls or sli|)s down gradually, forming a stone- 
C!VU!(i mound, which is maintjiincd at the li.<EC(I level by lui aniiit^il 
supply of stone as required. 

Water-worn bonhlcrs ore not approved for resisting floods, as they 
are easily rolleil away, but the rounded form, which is supjioseiiio 
facilitate this, makes them less lial>le to 1>o lifted by the stream than 
angular fragments. My own experience is that the most important 
object is to get heavy large-sixeil stone, and tliat the form of it is of 
less imifortance than the weight. There is an old musjid or mwf le 
on tlie ctlge of wluit was formerly the right bank of the Ganges, ^it 
Kajmahal, which is protected by a bank of very large roinided 
boulders, standing at a slo|>e of about IJ to 1. About 14 yeai'sago 
I saw the river in flood setting full on the mnsjiil jwiut without 
dislodging the rounilcd boidders. I should prefer angular fragments 
of rock, but as in many cases these are more costly tiian water-worn 
boulders, it is well that the objection to the latter should not be 
overrated. 

I have now touched n|>on some of the principal points of 
ira[>ortance {wculiar to Indian bridges in the plains ; jwints, hoir- 
ever, which may not be void of interest in other nlluvial countries 
sTiliject to be visited by exceptional Hoods. In treating of tlicsc 
subjects I have simplj' and 'without reserve kid bare to you the 
notions and ideas that liavc grown up in my own mind, from the 
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information and experience I have gained during my Indian career. 
Personally, I have to regret many lost opportunitiee of making and 
recording valuable observations, and of trying interesting experi- 
mentR. In railway construction it is generally the case that every- 
thing is sacrificed to pushing on the work at high pressure. I trust. 
however, that what I have said will influence some of my audience, 
who may have better opportunities than myself of studying the 
points touched njion, to make a better use of them, and thus add 
to our stock of knowledge of the methods ami devices for bridging 
and controlling Indian rivers and floods. 
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PAPER XII. 

DIAGRAMS OF SERVICE ORDNANCE, 
ETC. 



Thi^g diagrams of service ordnance and carriages have been drawn 
and lithographed at the S.M.E. from the beat data that could be 
obtained in authorized publications. 

Taken in conjunction with the particulars furnished in the Lists of 
SfTTvice Rified Ordnance, published by authority, copies of which appear 
periodically in the R.E. ProfefixUnud Papers, the diagi-ams will, it is 
hoped, be of use to officers of R.E., especially those who may be 
employed in the construction of fortifications. 

J. W. SAVAGE, Major, R.E., 

Inslrftelnr in Fviiificalian, S.M.E. 



CORRIGENDA. 



By the kindness of the Director of Artillery, we have been furnished, 
while in the I'resa, with the following corrections r — 



IX. 



~„ "22 Shrapnel, ) „ . f " 24 Shrapnel, 
'""^ lOCommou,"! "^"^ \ 8 Common." 



XI. —Weight of Carriage. For "SSJcwt," read "37icwL" 
XIT,— Weight of C«rriage. For "^Ifcwt.," reaJ "Sljcwt" 
XV,— Weight of Cftrriage. For "38Jcwt.," rend "23icwt." 
XIX.— Weight of Carriage with Buffer. For "33cwt.," read "36cwt," 
XXL— Title. Add "Mark II." 
XXII.— Title. Add " On Slide Medium No. 2." 
XXm.— Title. Dele " 8' or." 

XXTII. — Maximum Angle of Depression. For "5°," read "6i°," and add 
Dote — "Theae moimtings will in future have sln^ght shields." 
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LIST OF PLATES. 



Machine Guns. 

I.— Field Carrinj^e, Machine-gun, Infiuitry, 3-barrel Gardner or 3-banri 

Nonleufelt, Klevation. 
II. — Field Carriajje, MAi;hiue-gim, luf&ntry, 2- barrel Oardner or 3-bainl 
Nonlelifelt, Plan. 
III. — Carriagu, Field, 3-bnrrel Nordenfelt, Machina.gun, Cav«lry or 

Mounted Infantry. 
IV.— Carriage, Field, 2-barrel Gardner. 
V. — 2-baiTel Gardner Gnu oii Parapet Mounting. 
MorsTAiK Gpn. 
VI.— Carriage, MoDOtnin, R.M,L., 2-5-inoh. 

Field Guns. 
Vri.— 9-ponnder E.M.L. Gun, Carriage, Mark IL 

VIII.— Ciirriage, Iron, Wrought, Travelling, Complete, Keld (witho* 
Limlier). 
IX.— IZ-pouuder B.L. Steel (7cwl.t. 
X— Limber, Field, 12-pounder, Carriage. 

HOWITIKES. 

XI.— Carriage. Siege, R.M.L,, 6*3-inch, IScwt, Central Pivot, Mark 1 
XII.— 8 6-iiich (36cwt,). 
XIII.— 8-incli (70cwt.l. 

XIV.— Carriage Siege, B.M,L., 8-inch, 4«uwt, Central Pivot, Mark L 
SlBOE Goss. 
XV. — Overbank Carriage, for Carriage, Travelling, Siege, RM.L, 
25 -pounder. 
XVI— iO-pounder R.RL., Overbank. 
XVII— 6flinch R.M.L., H.P., Carriage. 
XVIIL— 4-inohB.L. 
XIX. -5-inch RL. 

Gabribon lions. 
XX. — Carriage, Gairisnn, RM.L., S4-pounder, SScwt. Deprewic* 

Mark I. (with Allen's Brakes). 
XXI.— Carriage, Garrison, R.M.L., Moucrietf, with Platform, I'lmi, 

7 tons, Marl II. 
XXII,— -Carriage, Gajrison, Sliding, Medium, No. I, Iron B.B.L., 7-iiiei, 
82cwt. on Slide, Medium No. 2. 
XXIII. — Carriage, Garrison, 10-:nch, C Pivot. 

XXIV.— Carriage, Garrison, Disappearing, B.L., S-inch, Mark II., H.Ri 
for Mark IV. Gun. 
XXV.— Carriage, Garrison, Barbette, 8-inch. 
XXVL -Carriage, Garrison, Disappearing, H.P., B-2-inch B.L. 
XXVII.— Carriage, Garrison, Barbette, Q '2-inch EL. 
XX Vm. -Carriage, Garrison, 12-iiich RL., 43-ton. 

QuiCK-FltUNO GpNS. 

XXIX.— Carriages, Q.F., Recoil, S-pounder Howitzer and Nordeofett 
(a). Cone Mounting. (6). Embrasure Mounting. 
XXX,— Carriage, Travelling, Q F., 3-pounder, Mark I., Steel, Hotchkin 
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